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A View of Gout as Inborn Error of 
Metabolism 


nized since the time of Galen, and gout has 
long been considered a disorder of metabolism 
possessing the vague attributes of a *‘diathesis’’ 
'7\, but only comparatively recently has it been 
securely placed in the category of inborn errors 
of metabolism. Apparently it was the redoubt- 
able Sir Archibald Garrod who first so classified 
gout [2|, in 1931, almost twenty-five years after 
his initial announcement of the concept of inborn 
errors of metabolism [3]. This hesitancy was due 
to reservations expressed |2| in what may prove 
to be a prescient speculation, that gout “‘cannot 
be looked upon as due, like other such errors, to 
a rare mutation which occasionally occurs de 
novo, but rather as based upon an alternative and 
slightly divergent path of metabolism met with 
in a large part of the total population.”’ 

Once gout is viewed as a proper inborn 
metabolic error, akin to others of this genre, its 
peculiarities can be contemplated with enlarged 
perspective and increased insight. For one thing, 
the natural history of gout can now be shown to 
conform to what is already a well defined, 
repetitive clinical and metabolic pattern, famil- 
iar in other familial diseases. For another, the 
realization that all inborn errors of metabolism 
have in common a defect in protein biosynthesis, 
in particular in biosynthesis of a critical enzyme, 
may provide an important clue to the patho- 
physiology of gout, still all too obscure. 

Primary (Inborn) Versus Secondary (Acquired) Gout. 
These considerations apply at least to primary 


fips heritable nature of gout has been recog- 


gout, the classic form of the disease, for there 
appears also to be an acquired or secondary form 
of gout. This is a complication particularly 
of hemopoietic disorders such as polycythemia 
vera and myeloproliferative diseases, in which 
the metabolic anomaly may be mimicked by 
augmented turnover of nucleic acids, with over- 
production of purines including uric acid; and 
occasionally accompanied by the appearance of 
tophaceous deposits and acute arthritis respon- 
sive to colchicine [4,5]. Characteristic clinical 
and metabolic aberrations of many other inborn 
errors of metabolism may be duplicated by ab- 
normalities arising in the course of unrelated 
diseases; for example, the inherited and acquired 
forms of ‘‘a’’gammaglobulinemia [6], hemo- 
chromatosis [7], diabetes insipidus [8], methemo- 
globinemia [9], hyperlipemia [70], spherocytosis 
[77], to cite but a few. 

Latent and Manifest Primary Gout. A familial 
incidence of secondary gout does not, by defini- 
tion, occur. Even in primary gout a history of 
familial occurrence has been recorded in this 
country only in 6 to 18 per cent of cases {7/2}. 
However, epidemiological surveys of the familial 
segregation of hyperuricemia reveal a broader 
distribution of the inherited abnormality (an 
incidence of about 25 per cent in most series | 73]), 
more pronounced and more frequent in male 
members. Like other inborn errors | 74-76], there 
are more clinically inapparent than apparent 
carriers of the gouty trait; penetrance of the 
presumed autosomal dominant is variably in- 
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complete in different families; and expressivity 
in overt cases ranges from relatively early ap- 
pearance of fulminant disease to long delayed 
emergence of mild manifestations, with a striking 
predilection (about 95 per cent) for males. 

Whether or not gout is clinically expressed, 
and if so in what degree, evidently does not 
depend upon the genetic endowment alone, 
since it is the predisposition to gout, not gout 
itself, which is inherited. [he spectrum of expres- 
sivity, as pointed out elsewhere for inborn errors 
in general |/7|, is presumed to be the result of a 
complex interaction of genetic, metabolic and 
environmental influences involving the interplay 
of diet, endocrine functions, intercurrent dis- 
eases, the action of specific foods and drugs. 
emouonal stresses, and other factors, all operat- 
ing in the dimension of time. Jo illustrate the 
important role of the environment, particularly 
the diet, the overt manifestations of gout, com- 
mon enough in England and on the Continent. 
virtually disappeared during the austerities of 
post-war life, only to return promptly in the 
same populations as the normal standards of 
living were resumed. 

Natural History of Overt Primary (Classic) Gout. 
Although inborn, no sign or symptom of gout is 
detectable until hyperuricemia appears at about 
the age of puberty in males, later and in lesser 
degree in females. Hyperuricemia persists there- 
after, with fluctuations in degree. The asympto- 
abnormality 


matic course of the metabolic 


proceeds unruffled until rudely interrupted by 
the onset of acute gouty arthritis, usually in 
middle age in males, even later in that much 
smaller proportion of female carriers in whom 

manifest disease develops. A succession of such 
self-limited attacks of acute arthritis 
usually follows, at sporadic intervals, unaccom- 
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panied by consistent changes in serum or urine 
urate levels. The attacks may follow minor 
trauma to the affected joint, dietary indiscre- 
tions, the onset of intercurrent diseases, emo- 
tional upsets, and the like, but often no precip1- 
tating stress is recognizable. ‘The joints involved 
are almost invariably those of the periphery of 
the extremities, classically the great toe. There 
may be renal colic and discharge of urate gravel 
or stone, to which gouty subjects are more prone 
than the population at large; indeed, renal colic 
due to urate stone occasionally is the first clinical 
manifestation of gout. 

The intervals between attacks are free at first 
of joint symptoms. With time, however, there is 


a gradual, insidious trend to further expansion 
of the urate pool. ‘Tophaceous deposits form, with 
persistent joint involvement. Particularly vulner- 
able in tophaceous gout are the = articular 
structures of the feet, ankles, knees, hands, 
wrists and elbows, and adjacent tendinous and 
subcutaneous tissues (chronic gouty arthritis); 
the cartilaginous pinna; the olecranon and 
patellar bursas (chronic gouty bursitis); and 
the kidney, the chief excretory organ for urate 
(gouty kidney). Only in the minority of cases, 
however, does deposition of urate occur at a rate 
rapid enough to produce marked injury. Despite 
such deformity and disability as may accrue, 
eout does not ordinarily seem to shorten life, and 
when death occurs it is usually through some 
interpolated cardiovascular, cerebral or neo- 
plastic disease unrelated to gout but appropriate 
to the age and circumstances. 

Analogies Between the Natural History of Gout and 
Those of Other kerrors of Metabolism. 
Contrary to expectation, most inborn errors of 
metabolism are not apparent at birth but only 
after davs or weeks (alkaptonuria | /S|, galacto- 
months (glycogen storage diseases 
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semia | 7/9), 
(20\) or, as in the case of gout, even years: for 
example, the abiotrophy of Huntington’s chorea, 
which usually gives no indication of its presence 
until age thirty to forty or even later. The 
similarities in this connection between essential 
hypercholesterolemia and gout are particularly 
illuminating. The serum cholesterol level in 
males normally remains static throughout the 
years of growth but increases markedly between 
the ages of about nineteen and thirty-two, then 
tapers off; in females the serum cholesterol level 
remains essentially unchanged until about age 
thirty when a slower but progressive rise begins 
'27|. The metabolic expression of genetically 
transmitted hypercholesterolemia in either sex 
ordinarily is delayed to well beyond childhood, 
the clinical expression as atherosclerotic coro- 
nary artery disease usually is not manifest until 
middle age in males and even later in females. 

A distinct male predilection for overt disease, 
so long the subject of speculation in gout, is com- 
mon to many other heritable disorders, vz. 
hemochromatosis |7|, congenital ‘‘a’’gamma- 
globulinemia [6], ankylosing spondylitis [22]. 
The genetic significance of more marked 
‘““penetrance”’ in one or the other sex without 
true sex-linkage is still obscure | 74,23}. 

The acute attack of gouty arthritis, coming on 
as it does episodically in the steady course of the 
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underlying metabolic disorder, is reminiscent of 
the ‘‘crises’? in other inborn errors of metabo- 
lism: the thrombotic crisis of sickle cell disease, 
the aplastic crisis of spherocytosis {/7], the ab- 
dominal or neural crisis of intermittent acute 
porphyria |24|, and the like. (Formerly, acute 
gouty arthritis was, in fact, referred to as a gouty 
crisis. a term which survives as “‘intercritical’’ 
gout, 1.e., between crises). sicklemia, for 
example, the cycle of local hypoxia — sickling 
+ increased blood viscosity — intravascular 
clotting may be initiated by some determinate 
cause, such as exposure to high altitudes, but 
usually the sporadic occurrence of infarction 
cannot readily be explained. In porphyria many 
crises cannot be related to the known inciting 
agents (such as barbiturates), moreover there is 
no acceptable evidence that the acute attack is 
directly due to the excessive quantities of 
porphobilinogen or of its precursor, delta 
aminolevulinic acid, in the blood and urine; the 
pathogenesis remains unexplained [24]. Acute 
gouty arthritis likewise is of obscure origin, al- 
though popularly supposed to be brought about 
by the precipitation of uric acid in the tissues. 
There is much to suggest that uric acid, itself 
virtually inert physiologically, is not in fact the 
peccant matter involved |25-27|—that its sole 
“pathological vice is its scanty solubility” 
2). Certainly hyperuricemia is neither a neces- 
sary nor a sufficient condition for development 
of the acute seizure, which fails to make an ap- 
pearance in a variety of hyperuricemic diseases 
(nephritis with azotemia, many patients with 
blood dyscrasias, the asymptomatic  hyper- 
uricemia and intercritical phase of gout itself). 
Indeed, so dissociated is acute gouty arthritis 
from the gouty anomaly in purine metabolism 
reflected in hyperuricemia that the question of a 
genetic association rather than a causal rela- 
tionship has been raised [28]. However, acute 
gouty arthritis occurs also in secondary gout, 
which is not genetically transferred. 

The progressive deposition of urate in the 
tophaceous stage of gout conforms in every 
essential to the storage of lipids |/0|, carbohy- 
drates [75,/9,20|, metals [7,29] or pigments [30] 
in various other inborn errors of metabolism. 
Positive imbalance in all such “‘storage”’ diseases 
is the result of the incapacity to metabolize or to 
excrete the substance in question at a rate 
sufficient to cope with the rate of biosynthesis or 
absorption from the gut, consequently there is 
accumulation in the tissues. Little or no degrada- 
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tion of urate being possible in man, apart from 
that accomplished by the bacterial flora of the 
gut, tophaceous deposits in gout may appear in 
the face of enhanced excretion of urate by the 
kidneys and bowel, although more often when, 
with the ravages of age and disease, renal excre- 
tion falters |37|. Urate which cannot be disposed 
of by excretion, and is retained, is deposited 
selectively at certain tissue sites of predilection, 
just as in Wilson’s disease, for example, the 
accumulation of copper in the brain is par- 
ticularly pronounced in the basal ganglia and 
putamen, and in galactosemia the storage of 
galactose-1-phosphate in the eve centers in the 
lens. Why cartilage is a site of predilection in 
gout is a matter of speculation, as it is in 
ochronosis. 

Because of the daily passage of large quanti- 
ties of urate through the kidneys and urinary 
tract, this excretory route is especially vulner- 
able to the deposition of urate. In normal man 
taking a low purine, restricted protein diet, some 
5 to 10 gm. of urate filter through the glomeruli 
every twenty-four hours, and an additional 
quantity appears to be secreted by the tubules; 
all but about 400 mg. of the total is then re- 
absorbed by the tubules |37,32]. In the gouty 
subject the magnitude of urate transit down the 
tubular lumen and transfer across the tubular 
cells is, on the average, 50 per cent greater, 
sometimes more than twice as large [37]. 
Deposition in the renal parenchyma is therefore 
not unexpected, although urate does not accum- 
ulate as rapidly or as markedly as, for example, 
cystine in cystinosis, with development of the 
Fanconi syndrome [33]. 

The danger of precipitation of uric acid, in 
view of its insolubility in acid medium, pre- 
sumably is greatest in the concentrated, acidified 
urine of the lower reaches of the nephron, the 
kidney pelvis and the urinary bladder: and, as 
has long been known, uric acid stone is a not 
infrequent complication of gout, occurring in 10 
to 20 per cent of cases in temperate climates. 
The contributory factors are precisely those 
operating in normal subjects and in other inborn 
metabolic errors predisposed to stone formed of 
one or another sparingly soluble compound. 
These factors include an increased concentration 
in the urine, an unpropitious urine pH, and an 
infection of the urinary tract with or without 
stasis. A plethora of urate may appear in the 
urine in a variety of circumstances. Presumably 
as a result of especially augmented biosynthesis, 


about 30 per cent of gouty subjects habitually 
excrete abnormally large amounts of urate 1n the 
urine (hyperexcretors), even on a diet restricted 
in purines and proteins |3/}; in such cases the 
proportionate incidence of urate urolithiasis is 
substantially greater than in gouty “normal 
excretors.”? (Overproduction, with overflow into 
the urine and stone formation, occurs also, for 
example, in oxalosis |3/|). Of course, the urinary 
excretion of urate is further enhanced, by several 
hundred mg./twenty-four hours, by dietary 
excesses In any gouty or non-gouty subject. In 
secondary gout overproduction of purines may 
be even more marked, and the incidence of urate 
stone in our experience, is 35 per cent [35]; 
indeed in hemopoietic and related disorders 
overproduction of urate may be sooverwhelming 
in certain circumstances that both ureters may 
be plugged by crystals of uric acid. There does 
not seem to be an intrinsic deficiency in tubular 
reabsorption of urate in gout, analogous to that 
in cystinuria [36,37| for example, hence this is 
not a contributory factor except secondarily 
when there is diffuse tubular damage or when 
uricosuric drugs are employed. All too often 
these lead to urate stone formation i a large 
urine volume is not maintained. Even when 
uricosuric agents are not administered, reduction 
in urine volume and flow rate, due to inadequate 
water intake or excessive loss of water by routes 
other than renal, favors urate stone formation, 
as indicated by a 72 per cent incidence reported 
among gouty subjects in a torrid climate [38]. 
Excessive acidity of the urine (pH 4.5 to 5) often 
plays a predominant role in precocious and re- 
current urate urolithiasis in the gouty as well as 
the non-gouty subject. 

Urate Overproduction Versus Underexcretion in the 
Genesis of Hyperuricemia. More than a century 
of debate as to whether hyperuricemia in gout 


is due to overproduction or renal retention of 


urate is drawing to a close. It had been ap- 
preciated from the start [39] that simple reten- 
tion of nitrogenous products, including uric acid, 
as in nephritis, does not of itself lead to the gouty 
state. But a weighty argument for a specific, 
intrinsic renal defect in excretion of urate has 
been the failure to account for excess of urate 
production in an increased urate output [39]. 
The validity of this point has been vitiated, how- 
ever, by more recent detailed analysis which 
reveals that some 30 per cent of gouty subjects do 


in fact excrete urate excessively 1n the urine [3/}, 


and that the fecal excretion of urate amply makes 
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up for any apparent discrepancy between the 
rate of urate formation and the output in the 
urine | 40}. 

If the hyperuricemia of gout were of renal 
origin, it could be brought about by reduced 
elomerular filtration, and/or excessive tubular 
reabsorption of urate, and/or reduced tubular 
secretion of urate. Renal clearance studies show, 
however, that the inulin clearance in gouty 
subjects usually is in a range commensurate with 
their age, and when reduced the reduction 
plainly is acquired |3/)|. As to reabsorption of 
urate by the renal tubules of the gouty subject, 
it is indeed greater than that of persons with 
normal serum urate levels but not measurably 
greater than when normal subjects are presented 
with comparably increased filtered urate loads 
'31\. The possibility of a specific. intrinsic 
deficiency in tubular secretion of urate has not 
been excluded, for want of suitable methods of 
study, but seems unlikely [37,32|: however, when 
the kidneys are aged or diseased, and demon- 
strably contribute to nitrogen (and urate) 
retention, impaired tubular secretion of urate 
may well be an accessory to the reduced 
glomerular filtration rate. It would appear, then, 
that the findings in gout are consonant with the 
experience in other inborn errors of metabolism, 
in Which augmented blood levels are attributa- 
ble, in general, to overproduction: deficient 
tubular secretion thus far has not been clearly 
shown to occur; and excessive tubular reabsorp- 
tion has not been found. This last would imply 
genetic transmission of a supranormal enzyme 
complement for tubular transport. 

Overproduction of urate must of necessity 
take place in gouty “hyperexcretors,” in whom 
the basal excretion of urate in the urine alone 
(apart from fecal excretion of urate and nitroge- 
nous products derived from urate) is greater 
than normal and hyperuricemia nevertheless 
is maintained |4/|. In this group, moreover, 
isotope-labeled glycine is incorporated into 
urate in about three times the abundance found 
in norma! subjects [42]. Such patients, however, 
constitute only a minority of patients 
with gout, as previously mentioned about 
30 per cent. In the majority of cases, gouty 
‘normal excretors,’” the urinary excretion of 
urate is within the limits of normal variation [37) 
and incorporation of isotope-labeled glycine 
into urate is not clearly augmented |42|. Exces- 
sive fecal excretion apparently occurs |40|, how- 
ever, implying overproduction of urate in these 


AMERICAN JOURNAL OF MEDICINE 


: 
; 
4 
: 
7 
4 
¢ 
~ 
A 
: 
png 
os 
= 
; 
| 
4 
3, 
én 
“4 
‘4 
3 
: 
> 
: 
= 
5 
i fe 
| 


Editorial! 549 


patients also. Support for this implication 
derives from the increased turnover of urate 
reported under these circumstances | 4]. 

Overproduction Due to Enzyme Lack in Inborn 
Errors of Metabolism. More data in direct cor- 
roboration of overproduction of urate in gout 
obviously are needed. Nevertheless it would not 
be profitless to pursue further in this direction the 
analogies between gout and other inborn errors 
of metabolism. Overproduction of metabolic 
intermediates is common enough in such dis- 
orders: for example, phenylpyruvate and _ its 
derivatives in phenylketonuria | 43|, homogentisic 
acid in alkaptonuria |4/|, a variety of aromatic 
amino acids in maple syrup urine disease |43), 
and many others. To be sure, these are all 
intermediate products of metabolic pathways 
whereas uric acid is essentially an end product of 
human tissue metabolism, a significant distinc- 
tion but one which, as will be brought out subse- 
quently, does not necessarily deny the operation 
of a metabolic block. The important point is that 
in every inborn error of metabolism character- 
ized by overproduction this is not due to a sur- 
plus of enzyme in biosynthesis, but rather to a 
presumed or established genetically derived 
enzyme lack, in consequence of which a meta- 
bolic pathway cannot proceed to its ordinarily 
final step, and there is accumulation of metab- 
olites formed before the site of the block. In 
phenylketonuria the missing enzyme has been 
identified as phenylalanine hydroxylase [43], in 
alkaptonuria as homogentisic acid oxidase | 44], 
and so on. Thus far it has not been possible to 
pinpoint the enzymes(s) deficient in gout, but 
the “parsimony of Nature’? suggests that a lack 
of specific enzyme(s) be sought as the key to 
the primary metabolic error(s) and hyper- 
uricemia of this disorder. 

Speculations Regarding the Nature of the Metabolic 
Error(s) of Gout. One enzyme lack to be con- 
sidered in this connection is that of uricase, of 
which all mankind is bereft and thus the victim 
of a species-wide inborn error of metabolism. 
Loss of this enzyme, which seems to have disap- 
peared in the course of mammalian evolution at 
some point before the branching off of the great 
apes, probably was not a mischievous mutation 
for our herbivorous forebears but it is a handicap 
to carnivores. It requires a nice adjustment of the 
means of disposal of uric acid to compensate 
for the loss of uricase but, even without the 
convenience of an avian cloaca, normal man 
accomplishes this with only an occasional lapse. 
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When to this injury, however, is added the insult 
of a metabolic error resulting in excessive forma- 
tion of uric acid, the regulatory excretory 
mechanisms are subjected to even greater stress; 
if they are insufficient, urate retention and 
tophaceous deposits occur, on the other hand 
if renal excretion is too vigorous, urate may 
precipitate in the urinary tract. Gout clearly is 
not due to the lack of uricase fer se, and there is 
every indication that the non-gouty and the 
gouty subject are equally deficient in this 
enzyme. In any event hyperuricemia, the only 
direct consequence of loss of uricase, does not 
constitute gout any more than hyperglycemia 
constitutes diabetes mellitus. 

For the metabolic error(s) responsible for 
primary gout one should look, rather, to the 
long sequence of enzyme reactions effecting de 
novo purine biosynthesis from the precursors of 
uric acid [46]; the reactions by which these 
precursors are made available for purine bio- 
synthesis; and to alternate pathways which 
compete with de novo purine biosynthesis for 
these precursors. From the general experience 
with other inborn errors, it may be inferred that 
the metabolic pathways affected in gout are 
already operative in normal man, and not 
novel shunts springing up, a deus ex machina as 
it were, from fresh mutations. It is to be antici- 
pated further that, in the adjustments required 
to re-establish a steady state. the primary defi- 
ciencies in some pathways will be compensated 
for secondarily by the overactivity of others. 
Varying degrees of enzyme deficiency will in all 
likelihood be found, as in the heterozygotes of 
so many other inborn errors of metabolism | 76). 
What this means in precise genetic terms [47] is 
still uncertain but, the revelations of Ingram [48] 
and others [49] on the nature of the hemoglo- 
binopathies suggest that minute variations in the 
DNA code [50] and in the corresponding amino 
acid sequences of the RNA-derived proteins may 
profoundly alter the properties of the active 
centers of enzymes. 

It was formerly thought that uric acid origi- 
nated solely or largely from preformed exoge- 
nous or endogenous nucleic acids, and that the 
hyperuricemia of classic gout was due entirely 
to exaggerated nucleic acid degradation, even 
though no sign of this is found in the tissues. It 
is now clear that the primary pathway of 
purine formation is de nove biosynthesis of purine 
nucleotides sequentially from simple _ units 
arising from glycine, glutamine, aspartic acid, 
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carbon dioxide, formyl derivatives of tetra- 
hydrofolic acid and  5-phosphoribosylpyro- 
phosphate (itself ultimately derived from dietary 
hexoses and phosphate) [46]. Conversion of the 
inosinic acid so put together to adenylic and 
guanylic acids then paves the way for poly- 
nucleotide formation by appropriate synthesiz- 
ing enzymes [350], to provide the integral cellular 
RNA and DNA constituents required. The pool 
of nucleic acids elaborated at the end of this 
long cycle is expanded in the proliferative 
diseases underlying secondary gout, and turn- 
over of this enlarged mass is presumed to be 
responsible for the hyperuricemia generated 
under these circumstances. [The net turnover 
rate is relatively slow, being a reflection of 
the turnover of the cells containing the potential 
DNA and RNA sources of uric acid. There is a 
corresponding delay in the appearance of ad- 
ministered glycine-N?°in the urinary uric acid in 
secondary gout, peak isotope enrichment occur- 
ring on the tenth to fourteenth day [5/7]. In 
primary gout, peak isotope enrichment is much 
more rapid, occurring on the first to third day 
52-54\. This prompt incorporation of glycine 
into uric acid is readily apparent in gouty 
\ 


perexcretors, In whom the peak is some three- 
id normal, but is also detectable in gouty 


normal excretors, despite the absence of dis- 
cernible abnormality in total N?° incorporation, 
by an increase in the relative abundance of N?? in 
positions 1, 3, 9 on the first day [55]. The infer- 
ence drawn is that the presumed overproduction 
of uric acid in primary gout springs chiefly from 
derangement(s) of some earlier step(s) in the 
sequences of purine biosynthesis, i.e., before the 
formation of intracellular DNA. There are many 
possible sites of such dislocation. Four general 
areas will be considered briefly here: (1) the 
sequence of reactions from  5-phosphoribo- 
sylpyrophosphate to inosinic acid formation; 
(2) the feedback mechanisms for control of 
purine biosynthesis; (3) the “‘salvage’’ pathways 
for reclamation of purine nucleotides from free 
purine bases and nucleosides; (4) the alternate 
pathways that compete with purine biosynthesis 
for precursors, in particular for glycine and other 
sources of amino acid nitrogen. 

The results of isotope-labeling experiments 
56-58| substantiate the thesis that de novo bio- 
synthesis of uric acid involves the formation of 


‘inosinic acid as an obligate intermediate. Such 


being the case it is dificult to perceive how a 
block in the sequence of reactions from 5-phos- 


phoribosylpyrophosphate to inosinic acid could 
result in other than lessened elaboration of uric 
acid, an end product of purine metabolism. 
(In respect to the site of metabolic block, then, 
the genesis of hyperuricemia in gout would 
appear to differ from the overproduction of 
metabolic intermediates in most inborn errors 
of metabolism). It would seem more ‘ogical to 
seek the enzyme lack(s) in gout in the metabolic 
events occurring before and/or after this chain 
of enzyme reactions. 

It has been suggested |34,59) that an im- 
balance in the relative amounts of guanylic 
and adenylic acids generated for nucleic acid 
synthesis, with degradation of the excess 
nucleotide to uric acid, might contribute to 
overproduction of urate in gout, i.e., that there 
may be an enzyme defect in the feedback 
mechanisms which regulate this phase of 
nucleotide and nucleic acid biosynthesis (0%. 
Wyngaarden |6/) has also called attention in this 
connection to another likely site for the feedback 
control of purine nucleotide biosynthesis, that 
implicit in the amidotransferase reaction of 
phosphoribosylpyrophosphate with glutamine to 
form phosphoribosylamine and glutamic acid. 

There is also the possibility that deficiencies 
in specific pyrophosphorylases and nucleoside 
phosphorylases, which serve to salvage free 
purine bases and nucleosides of endogenous or 
exogenous origin by converting them to nu- 
cleotides, may result in excessive formation of 
uric acid. In the case of free purine bases, this 
involves competition for 5-phosphoribosylpyro- 
phosphate with de novo purine biosynthesis and 
other metabolic pathways. The total urinary 
excretion of free purine bases in the urine of 
gouty and normal subjects is, however, essen- 
tially the same, about 50 mg.,/ twenty-four hours 
5,58 ,62,03 |. 

Chronologically the oldest [52], and still per- 
haps the most attractive hypothesis, is_ that 
precursors of purine biosynthesis may be de- 
flected from competing pathways, thus yielding 
an overabundance of urate, not because there 1s 
any intrinsic abnormality in the enzyme reac- 
tions leading to purine biosynthesis but simply 
because a surplus of building blocks is made 
available for elaboration of purines. This 
almost certainly occurs in secondary gout, by 
virtue of the aggressive demands of exaggerated 
hemopoiesis for nucleic acid precursors, Just as 
in multiple myeloma amino acids may be 
diverted from serum albumin biosynthesis. In 
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primary gout overproduction of urate may take 
place by what might be termed ‘‘default of 
competing alternate pathways for utilization of 
precursors,’ for example, glycine and other 
sources of amino acid nitrogen and carbon. The 


concept implies that the enzyme lack(s) in pri-— 


mary gout may not reside in the sequenual 
reacuions of purine biosynthesis fer se, but else- 
where. First suggested because of the excessive 
incorporation of total glycine-N!° into urate 
In some Cases of primary gout, the hypothesis is 
supported by more recent evidence of differences 
in the intramolecular distribution of glycine-N!° 
In uric acid of gouty as compared to non-gouty 
subjects 

The experience with inborn errors of metab- 
olism has disclosed again and again that what 
clinically may appear at first to be a nosologic 
enuty is in fact a composite of disorders of 
distinct and sometimes quite disparate metabolic 
origin, with overlapping: symptomatology. This 
applies, for example, to the glycogen storage 
diseases | 2), the congenital methemoglobinemias 
the congenital adrenal hyperplasias [63| 
and sporadic cretinism |66). (The reverse also 
has occurred, as in the diverse clinical and bio- 
chemical abnormalities brought together by 
the finding of a common defect in erythrocyte 
elucose-6-phosphate dehydrogenase !67!). Such 
a multiple pathogenesis is already apparent in 
the primary and secondary forms of gout, which 
share a common clinical course to some extent 
and respond similarly to colchicine and uricosuric 
agents but derive from separate metabolic 
derangements |3}. One might, indeed, consider 
this subdivision to occur within the category of 
secondary gout, since the deoxyribo- and ribo- 
nucleic acids from which uric acid is formed in 
excess doubtless differ, depending upon their 
source in various hemopoietic disorders, each 
giving rise to what might be regarded as a 
particular metabolic variant of secondary gout. 
What clinically is called primary gout may very 
well prove ultimately to be a composite of 
metabolically distinct inborn errors |35,58|. There 
is in fact some suggestion of this inhomogeneity 
in the differences in glycine utilization for purine 
biosynthesis among gouty subjects [54,55]. 
Whether these are qualitative or quantitative 1s 
not yet clear, and further study will be required. 

Concluding Remarks. 
simply pointing out analogies between gout and 
other inborn errors of metabolism does not solve 
the problems of the pathogenesis of gout. And 
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It is appreciated that. 


yet these problems, considered in the broad 

context of other inborn errors, take on the out- 

lines of a comprehensible even if not yet fully 

comprehended design, which lends itself to 

more purposefully directed further investigation. 

In any event, it is time to divest gout of the tran- 

scendental aura with which it has been enveloped 
since time immemorial. 

ALEXANDER B. GUTMAN, M.D. 

Department of Medicine 

Lhe Mount Sinai Hospital 

New York 29, New York 
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Clinical Studies 


The Renal Excretion of Hydrogen 
Ion in Renal Tubular Acidosis’ 


I. Quantitative Assessment of the Response to Ammonium 


Chloride as an Acid Load 


G. D. WessTER, Jr. m.D.,T 


and A. McCaNnce. M.D... PH.D. 
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URING the past two decades numerous dis- 
1) turbances in particular functions of the 
renal tubule have been described. Many of these 
disturbances have been shown to be due to 
specific and genetically determined metabolic or 
enzymatic defects, and as such have contributed 
to the initiation of a new era of biochemical and 
molecular study of disease. Among these defects 
have been one or more of tubular transfer and 
excretion of hydrogen ions occurring in patients 
without the contracted kidneys and uremia of 
chronic progressive renal disease. [The resultant 
syndrome generally has been called renal tubular 
acidosis. Such an acidosis was first described in 
children with diffuse nephrocalcinosis {7,2}; it 
has since been reported in a wide variety of 
association with a 


clinical situations and in 


series of other disturbances (some of genetic 
origin) in renal tubular function |3,4). Because 
of this heterogenous clinical setting there is great 
need for clarification of the pathogenesis and 
etiology of the specific defects involved in the 
renal excretion of acid. Furthermore, as indi- 
cated in a previous editorial [3], there are still 
many questions concerning the definition and 
the diagnostic differentiation of this tvpe of renal 
acidosIs. 

[In our own consideration of these questions we 
have studied a group of patients who appeared 
to fall into this category of renal acidosis asso- 
ciated with ‘‘non-contracted’’ kidneys and who 


therefore were labelled clinically as having renal 
tubular (RTA). From comparison 
with normal subjects. we conclude that more 
than one mechanism 1s involved in the patho- 
that minimal or 


acidosis 


genesis of the acidosis, and 
subclinical degrees of the disturbance do exist. 
In arriving at this conclusion. we have found it 
necessary to establish more accurate criteria of 
the normal response to tests of the intrarenal 
processes of acid excretion. In this group of 
papers we report our attempt to do the follow- 
ing: (1) to assess quantitatively the ability of the 
kidney to excrete hydrogen ion under conditions 
of acid loading in norma! subjects and in these 
patients diagnosed as RITA; (2) to assess the 
possible role of the enzyme carbonic anhydrase 
by the quantitative response to the administra- 
tion of a standard single dose of the enzyme 
inhibitor, acetazolamide, in normal subjects and 
in patients with RTA [6]; and (3) to use the 
quantitative criteria of these tests in a search 
for latent subclinical defects in this tubular 
function in relatives of such patients | 7). 

The first of these three projects is reported in 
this paper. The administration of excess anion, 
usually as ammonium chloride, has been used 
by many workers |&-79| to test the ability 
of the kidney to excrete excess anion with 
hydrogen ion; this excretion protects and re- 
constitutes the buffering capacity of the body 
fluids. But, except for the short-term test of 


*From the Chemical Section of the Department of Medicine, University of Pennsylvania School of Medicine, 
Philadelphia, Pennsylvania, and the Medica] Research Council Department of Experimental Medicine, University of 
Cambridge, England. This study was aided by grants from the National Heart Institute, U. S. Public Health Service 

1{-340), and the C. Mahlon Kline Fund for Development of the Department of Medicine, University of Pennsylvania. 

+t Established Investigator of the American Heart Association, 1949-1959. 

} Present address: Department of Medicine, University of Miami School of Medicine, Miami, Florida. 
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Wrong and Davies [78,79], the experimental 
conditions of such tests have not been sufficiently 
extensive or uniform to provide criteria that can 
be used on a quantitative basis. The study 
reported on herein is an effort to meet this 
need. To this end ammonium chloride was 
administered under comparable conditions to 
eighteen normal adult subjects and to five adult 
patients with clinical renal tubular acidosis. 
The renal response to this acid stress was 
analyzed in a variety of ways, both with respect 
to increment in excretion of hydrogen ion rela- 
tive to increments in chloride loading or excre- 
tion, and with respect to absolute rates of 
excreuon relative to extracellular buffer con- 
centration. The former type of analysis, which 
has been the commonly accepted diagnostic 
procedure, is found in this study not to separate 
definitely these patients with RTA from the 
normal subjects. The latter type of analysis, 
which is analogous to a renal clearance of 
hydrogen ion, does separate these two groups 
and thus appears to provide a more adequate 
criterion for quantitative assessment of this 
aspect of renal function. 


EXPERIMENTAL MATERIAL AND PROCEDURE 


Twenty studies were conducted on control subjects 
(eighteen adult men and women apparently in good 
health and with no known disturbances in renal func- 
tion). In two of these subjects the test was performed 
twice with the administration of different doses or 
loads of ammonium chloride. Five adult patients with 
the clinical diagnosis of renal tubular acidosis were 
tested, some of them more than once. The clinical 
diagnosis in three of the patients (A. B., M. B., M. C.) 
rested on the findings of metabolic acidosis in the 
absence of azotemia or ketosis, of relatively alkaline 
urines, and of nephrocalcinosis with or without 
nephrolithiasis. In the other two patients (H. L. and 
A. ‘T.) the acidosis was intermittent and the urinary 
pH was not necessarily alkaline; to this extent these 
two patients did not meet the commonly held criteria 
for renal tubular acidosis. However, one patient 
(H. L.) exhibited extensive osteomalacia with pseudo- 
fractures and both patients (H. L. and A. T.) showed 
defective acid excretion during acid loading by 
Albright’s test. Although in one patient (A. T.) 
episodes of acidosis and organic aciduria during 
paraldehyde ingestion subsequently developed [20], 
previously she had shown an extremely severe hyper- 
chloremic acidosis without azotemia or ketonuria. 
For these reasons these patients have been included 
as examples of renal tubular acidosis, i.e., as having 
at one time or another acidosis due to failure of acid 
excretion by non-contracted kidneys with normal or 
only moderately impaired glomerular function. Three 
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of these patients have been reported on separately 
|20-22| but a résumé of each case appears in the 
Appendix. Certain data from one other patient (M.) 
have been included for purposes of comparison; this 
child who was observed by us and reported on in 
another paper [23] exhibited a cerebro-ocular-renal 
syndrome which included a renal acidosis due to a 
specific defect in ammonia production and excretion 
in a non-contracted kidney. Since he was not tested 
with ammonium chloride his full case report is not 
included herein. 

The basic plan of the test was to administer orally 
ammonium chloride in a constant daily dose for three 
or five consecutive days and to collect a twenty-four- 
hour urine specimen on the first, third and fifth days, 
as well as during one to three preliminary control 
days. Samples of arterialized cutaneous and venous 
blood were taken during the control period and fol- 
lowing the end of the third and the fifth days. The 
ammonium chloride was given in divided daily doses 
of a constant amount each day in each patient; 
the range of dosage among different subjects was 98 
to 195 mEq. per 1.73 square meter of body surface 
area. Care was taken that blood specimens always 
were drawn at least seven hours after ingestion of the 
last portion of the daily dose. Uncoated tablets or 
aqueous solutions of ammonium chloride were used. 

Two of the patients (A. T. and H. L.) and one nor- 
mal subject (L. R.), were on a measured diet which 
provided a “‘neutral ash.”’ The rest of the patients 
were Maintained on their usual unmeasured diets dur- 
ing both control and test periods, being cautioned 
against taking any other medication. Some of the tests 
in the patients were limited to three days because of 
the degree of pre-existing acidosis. 


CHEMICAL METHODS AND CALCULATIONS 


Where different methods were used in the two 
laboratories, University of Cambridge and University 


of Pennsylvania, respectively, the references are given 


in that order. 

In venous serum the total carbon dioxide content 
was determined by the manometric method of Van 
Slyke and Neill [24] and Van Slyke and Sendroy {25}: 
sodium and potassium were determined by flame 
photometry, chloride by the methods of Sendroy [26) 
and Franco and Klein [27], and creatinine by a 
modification of the methods described by Hawk, 
Oser and Summerson [28] and by the method of 
Bonsnes and Taussky [29]. In arterialized cutaneous 
blood the total carbon dioxide content and pH were 
obtained by the micromethod of Singer, Shohl and 
Bluemle [30], and the primary acid-base variables of 
buffer base concentration and COz pressure derived 
from the nomogram of Singer and Hastings [37]. 

Normal acid-base values in one of our laboratories 
(University of Pennsylvania) are presented at the end 
of Table 1s. 

In urine the pH was determined colorimetrically or 
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by a glass electrode, titratable acidity by titration with 
NaOH to pH 8.0 (University of Cambridge) or to 7.4 
(University of Pennsylvania),* ammonium ion by the 
method of Folin and Bell [32]. Urinary chloride was 
measured by the Whitehorn-Volhard method as 
described by Cole |33| and by |Harvey’s modification 
of the Volhard method [34], sodium and potassium by 
fame photometry, creatinine by the method of Peters 


anc 
bicarbonate was calculated from the total carbon 
dioxide content and pH by the method of Peters and 
Van Slyke |37|. The twenty-four-hour urine specimens 
were collected and preserved under toluene and 
mineral oil in tightly capped refrigerated bottles. 


response to the ammonium chloride are presented in 
the analysis of the results. However, the basic calcula- 
tion |38| of the renal excretion of hydrogen, UV 4", is 
taken as the sum of the excretion rate of ticratable acid 
plus ammonium ion minus bicarbonate: T 


é 


For comparison of subjects and patients of different 
body size all values for UV q* and its component parts 
are corrected to a standard surface area of 


4 


3 M?*, calculated from height and weight by the 
method of Dubois. In every instance where excretion 
rates are expressed in equivalent units per minute, the 
values are those ior twenty-lour hours divided by 


1.440 (minutes per day) 


RESULTS 


The results are presented in the following 
order: (1) the observed changes in blood and 
urine; (2) the derived relationships between 
increments in hydrogen ion excretion and in 
chloride loading or excretion (increment in- 


dices); and (3) the derived relationships of 


* As calculated from the effect of pH on the total 
urinary excretion of acid phosphate in our subjects (Uni- 
versity of Pennsylvania), this difference in titration point 
would result in about a 10 per cent difference in total 
hydrogen ion excretion between the subjects in the two 
groups on the third and fifth days of NH,Cl ingestion. 


Such a positive “error” in the subjects (University of 


Cambridge) does not alter the relationships between the 
normal subjects and the patients with RTA as herein 


derived. 


* This equation described the net acid-base effect of 


urine formation in the body; in terms of hydrogen ion 
balance the excretion of bicarbonate is a negative moiety 
since the loss\of HCQO,~ in the urine leaves behind the 


associated H™~™ of the H-HCQO, formed by hydration of 


metabolic carbon dioxide. In acid urines the HCQO,~7 be- 
comes a negligible fraction; hence in urines of pH 6.2 or 
less HCO;” was not measured. Therefore, in comparing 
the ratio AUVy*/aUVc; with the data of other workers 
who have omitted the HCO,” moiety no significant error 


is introduced. 


1 Van Slyke [35], and sulfate by the method of 
Letonoff and Reinhold (36). The urinary content of 


Specific methods of calculation of each index of 


hydrogen ion excretion to extracellular buffer 
capacity as reflected by the plasma concentra- 
tion of bicarbonate and total carbon dioxide. 

Observed Data. Analyses of blood and serum 
(Table 14) showed no evidence of metabolic 
acidosis in the normal subjects prior to am- 
monium chloride loading. As indicated by both 
the total carbon dioxide content of serum and 
the buffer base concentration in arterial whole 
blood (Table rp), in all of the patients with 
RTA a metabolic acidosis was exhibited at least 
part of the time. During ammonium chloride 
loading a hyperchloremic acidosis developed 
or was exacerbated to varying degrees in each 
subject and patient tested. 

The rates of excretion of chloride and of 
titratable acid and ammonium ion, and hence of 
hydrogen ion, increased relative to the control 
rates in each normal subject and patient during 
the administration of ammonium chloride and as 
shown in Tables 1a and 1p. As is well known, the 
increment in excretion of titratable acid in the 
normal subjects, and the decrement in urinary 
pH, occurred primarily during the first day: 
whereas the excretion of ammonium ion and, 
therefore, of total hydrogen continued, in the 
main, to be augmented. However, augmentation 
occurred at a decelerating rate during all five 
days of anion loading. (Fig. 1.) 

The excretion rates of sodium and potassium 
rose on the third day and decreased again in most 
of the normal subjects on the fifth day of am- 
monium chloride loading. (Table ua.) The in- 
crement in excretion of these cations was less 
in the patients with RTA. (Table us.) Phos- 
phate excretion increased in all but one of the 
normal subjects and in two of the patients with 
RTA; in the other two patients with RTA (A. T. 
and H. L.) phosphate did not increase and the 
control rate of excretion was lower than in 
the other patients and subjects. Sulfate excretion 
remained relatively constant in those normal 
subjects in whom it was measured. 

“Increment” Indices of Hydrogen Ion Excretion. 
Change in hydrogen ion excretion relative to 
change in the excretion of chloride has been 
employed in the past to measure the effectiveness 
of the renal response to administration of the 
excess chloride anion. Gamble, Blackfan and 
Hamilton [8] compared the increment in 
ammonium ion excretion with that in chloride 
excretion following a dose of calcium chloride; 
others [76,22| have used the ratio of increment in 
titratable acid plus ammonium ion excretion 
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ApH urine 


| 


3 


Day of NH,CI loading 


Fic. 1. Response of normal subjects to the administration of ammonium chloride 
for five days is shown: change from mean control values of the excretion of am- 
monium ion (UVyq,*), the excretion of titratable acid (UV ra), and urinary pH. 
Increase in excretion of titratable acid and decrease in urinary acidity occurred 
mainly during the first day and were maximal by the third day; the excretion of 
ammonium ion continued to be augmented in most of the subjects over the five 


days. 


to that in chloride excretion to assess the ade- 
quacy of response to ammonium chloride 
ingestion. Calculation from our data of their 


index, as AUVyt/AUV cq, (see footnote ¢ p. 556) 


indicates an almost complete overlap between 
the values for the normal subjects and those for 
our patients with RTA. (Table mr and Fig. 2A.) 

Change in hydrogen ion excretion relative to 
excess anion, or ammonium chloride, admin- 
istered or ‘“‘loaded,’’ was the index used by 
Albright et al. [72] to demonstrate the defect 
in urinary acidification in their patients with 
“tubular insufhciency without glomerular insuf- 
ficiency’; their control data, however, appear 


to have been acquired from only one normal 
subject tested once. Our data for this index, 
AUVy/AClin, (where ACI, equals the am- 
monium chloride given) indicate a considerable 
overlap between the normal subjects and the 
patients. (Table mt and Figure 2B.) 

Since it is apparent that neither of these 
‘increment indices”’ definitively separates all the 
patients with overt renal tubular acidosis from 
all the normal subjects, these indices can hardly 
serve to identify latent cases of the disease. Yet, 
it is also obvious that the patient with a depressed 
concentration of total carbon dioxide and bi- 
carbonate in his extracellular fluid but who in a 
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AMMONIUM CHI.ORIDE LOADING TEST 
Supplementary Data 


TABLE II 


* 


Potas- | Phos- 
x | Sodium Sulfate 
Subject | Day lates) sium | phate fruits.) 
| (mEq.) | (mM) 
A, Normal Subjects 
E. H. 0 (1) 162 72 
3 | 204 125 
5 143 114 
| 0 (3) 99 66 28 
3 131 99 37 
5 100 87 35 
W.R 0 (2) 105 73 
3 234 85 
5 122 87 
L. B 0 (3) 154 55 34 
3 190 115 44 
5 208 101 24 
G. W.; | 0 (3) 149 76 38 
3 198 136 46 
L. I 0 (3) 159 88 25 
3 156 94 31 
5 90 109 38 
E. F 0 (2) 147 63 36 49 
3 207 101 53 49 
5 103 111 48 49 
me 0 (3) 127 70 34 42 
3 178 72 47 mS 
5 100 84 34 48 
E. W. 0 (3) 202 62 31 40 
2 312 144 51 53 
5 105 79 36 61 
R. E.» 0 (2) 161 70 29 39 
3 172 70 32 39 
5 181 89 37 49 
G. W.2 | 0 (2) 151 97 50 61 
3 217 102 32 52 
5 200 88 37 61 
E. B 0 (2) 124 47 20 36 
3 179 98 36 37 
5 90 74 31 25 
J. M. 0 (3) 79 40 18 32 
3 307 101 38 48 
5 107 81 16 $3 
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TABLE 1 (Continued) 
AMMONIUM CHLORIDE LOADING TEST * 
Supplementary Data 
; Potas- | Phos- | 
Subject | Day* ‘ages sium | phate Pen: 
| | 
B, Renal Tubular Acidosis 
& 
M. C. 0 
3 1 33 


Nore: Urine data expressed in units per twenty-four 
hours uncorrected for body size. 

* Day indicates control periods, with number of con 
trol days in parentheses, and third and fifth days when 
patients were given ammonium chloride. 


steady state is excreting his usual daily dietary 
and metabolic ‘‘load’’ of hydrogen, is different 
from the normal subject with a normal concen- 
tration of carbon dioxide and bicarbonate; the 
patient has a lower “clearance” of hydro- 
gen ion. Can the clearance of hydrogen ion be 
quantitated? 

An Index of the Renal ‘‘Clearance’’ of Hydrogen 
Ion. ‘The concentration gradient of free hydro- 
gen ion between blood and urine can be meas- 
ured and may reach the considerable magnitude 
of 1:800, but a clearance calculated in terms of 
dissociated hydrogen ion only is unsatisfactory 
for our purpose. Homeostatically, it is the 
undissociated but potentially ionizable hydrogen 
in the weak acids of the bicarbonate, phosphate 
and protein buffer systems that is regulated 
by the kidney. The concentration of these buffers 
is determined by the difference between “‘fixed”’ 
or ‘‘non-buffer’? anions and total cations; in 
plasma in the absence of primary respiratory 
disturbances of acid-base balance the principal 
measure of this difference is the concentration of 
bicarbonate. But since in metabolic acid- 
base disturbances the content of undissociated 
hydrogen in the buffer systems rises when the 
bicarbonate concentration falls, and falls when 


3 
| | | | i 
| | 
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A 


AUV,./ 


Normals 


AUV,./ ACI, 


R.T.A.'s 


MB MC AT 
HL 


ATHL MC AB 


3rd Day NH,Cl 


Fic. 2. Ratio of increment in hydrogen ion excretion to: (A) increment in excretion of chloride, and 
(B) increment in acid (ammonium chloride) load, in normal subjects and in patients with RTA. 
Black squares represent the data obtained in our own normal subjects and patients, open squares 
the data from the literature (Table v). Initials identify values for our patients with RTA. There is 
complete or partial overlap in distribution of the values of the two groups. 


the latter rises, the plasma concentration of 
bicarbonate (or of total carbon dioxide) cannot 
be used as ‘‘P”’ in the basic clearance ratio, 
UV/P. For this reason we have used as P the 
reciprocal of the plasma or serum carbon dioxide 
content, 1/[COz2],, since this moiety rises and 
falls in proportion to the amount of buffered 
hydrogen ion in the extracellular fluid.* Al- 
though the use of units of measurement of dif- 
ferent substances in the numerator and de- 
nominator prevents this value from representing 
a true renal clearance in the conventional sense, 
the resulting ratio is meaningful in that it is 
analogous to a renal clearance of total hydrogen 
ion and as such is empirically useful in the 
analysis of experimental data. If this reciprocal 
could be conceived of as P in units of concentra- 
tion, then the term, UV/P, would express 
‘‘ml.’’ of plasma cleared per minute; but, since 
the reciprocal is not in itself a unit of concentra- 
tion this “clearance”? index is given simply as a 
numerical value, and is derived by multiplying 


* In metabolic acidosis the total carbon dioxide con- 
tent reflects primarily the concentration of bicarbonate. 
Use of the reciprocal of the bicarbonate concentration or 
of the buffer base concentration, as measured respec- 
tively in arterial plasma and whole blood [37], to calcu- 
late this clearance does not differ significantly from the 
results of the use of the serum content of total carbon 
dioxide, as proposed here. 


the excretion rate of hydrogen, UV y"*, in mEq. 
per minute per 1.73 M? by the serum CQO), con- 
tent in mM per L. 

The findings for this term are given in Table 
11; in the normal subjects the mean values and 
ranges on the third and fifth day, respectively, 
were 2.07 (1.4 to 3.4) and 2.47 (1.5 to 3.4). As 
shown in the distribution curves in Figures 3A 
and 3B, none of the patients with R'TA overlap 
within the ranges of the normal subjects during 
acid loading, although prior to the ammonium 
chloride administration there was complete over- 
lap. (Fig. 3C.) This clearance ratio or index, 
therefore, completely separates these patients 
with RTA from the normal subjects under the 
particular conditions of acid loading imposed for 
the test. With due allowance for this last 
qualification (which is discussed in detail 
subsequently), this index, UVyt/1/[CO2e]p, is 
proposed as a definitive and sensitive criterion 
for the diagnosis of latent and minimal renal 
tubular acidosis. | 

Separate Assessment of the Excretion of Titratable 
Acid and Ammonium Ion. For consideration of the 
mechanisms of the renal excretion of hydrogen 
it is desirable to assess quantitatively the several 
moieties involved. Clearance indices for titrata- 
ble acid and ammonium ion were calculated in 
the same way as for total hydrogen ion, Le., 
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A 
Normals 
1.0 2.0 3.0 
AB HL 
MC MB 


3rd Day NH,C! 


Normals 


B 

| 

/{CO,], 

1.0 2.0 3.0 
off 
AT 
HL 
Sth Day NH,CI 
C 


RT.A‘s 


MC AB HL AT 
MB 


Before — no NH,CI 


Fic. 3. Ratio of hydrogen ion excretion to the reciprocal of the plasma carbon dioxide (a clearance index) dur- 
ing ammonium chloride loading in normal subjects and in patients with renal tubular acidosis. (Symbols same 
as in Fig. 2.) A and B, there is complete separation of distribution of the values between the two groups on both 
the third and fifth days of ammonium chloride loading. On normal daily diets prior to acid loading this index 
does not separate the 'two groups, C; however, the values for the patients with RTA at this time are uni- 
formly less than those of the normal subjects on the third day of acid loading. 


their absolute excretion rates were related to the 
concomitant reciprocal of the serum total CO» 
content. The results are presented in Table 11. 
In the patients with renal tubular acidosis under 
an acid load, the index derived from the excre- 
tion rate of titratable acid also is uniformly 
below the range of the same index in the normal 
subjects; the index from ammonium ion excre- 
tion is depressed to almost the same extent. An 
index of the relationship of these two fractions of 
hydrogen ion excretion to each other may be 
calculated as the percentage ratio of ammonium 
ion to the sum of titratable acid plus ammonium 
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ion excreted. (Table tv.) Values for this ratio 
in the patients with renal tubular acidosis on a 
given day of acid loading lay entirely within the 
range of those for all the normal adults. Both 
sets of data, at least, are evidence against a 
disproportionate impairment of the ability of 
the kidney to excrete ammonium ion in these 
five patients with RTA. In striking contrast, 
however, is the extremely low value for this 
ratio found in one patient (M.) who had 
a specific failure in the production of ammonia 
(reported on previously | 23]). 

Furthermore, as shown in Figure 4, of the 


| 
| 
0 1.0 
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‘TABLE 


Iil 


INDICES OF HYDROGEN ION EXCRETION DURING AMMONIUM CHLORIDE TEST 


Increment Indices 


(%) 


Clearance Indices 


Group and Subject | 
| AUVu* X 100 
| = 


| 


X 100 | UVra 
AClin | 1/[(CO2], | 1/[CO2]p 


Third D 


ay of Ammonium Chloride 


n indicates the number of subjects. 


three patients with RTA with relatively high 
alkaline urines the excretion of ammonium ion 
relative to urinary pH was high in one (A. B.) 
and was near the upper limits of normal in the 
other two (M. B. and M. C.); in two other 
patients (A. T. and H. L.) excretion of am- 
monium ion lay within the relationship exhibited 
by the normal subjects. Again in contrast, the 
patient with the specific ammonia defect showed 
a very low excretion rate relative to urinary pH. 
But in the normal subjects and the rest of the 
patients the augmentation of ammonium excre- 
tion during acid loading is more than just a 
function of urinary pH and titratable acidity 
for it was clearly dissociated from the latter after 
the first day. (Fig. 1.) At least one other condi- 
tioning factor was the total acid load or dose 
which accounts for the spread among these ammo- 
nium excretion values on the third and fifth days; 
in this relationship the results in the patients with 


| 
Normal adults | | | | 
mean | 66.2 | 61.8 | 2.07 | 0.75 ee *- 
maximum | 197 | 97 | 3.4 | 1.0 2.4 
minimum | 29 | 37 | 1.4 | 0.6 0.8 
Adults with renal tubular acidosis | | 
\. 82 | 20 0.7 
2 42 | 29 ria | 0.3 0.8 
\. B. 46 0.6 | o.2. 0.4 
M. B. 35 0.7 
M. C. 46 44 0.6 0.2 0.4 
fifth Day of Ammonium Chloride 
| | 
Normal adults | | 
a 20 20 — 20 20 
mean 101.1 75.9 ae 0.68 1.78 
maximum 266 118 | 3.4 1.0 Bit 
minimum | 49 55 | > 0.4 0.9 
Adults with renal tubular acidosis | | 
71 41 | 1.4 0.9 
| 76 | 55 1.4 
* 


RTA lay within or slightly below that of the 
normal subjects. (Fig. 5.) Thus the excretion of 
ammonium ion in the patients with RTA ap- 
pears to be normal or high relative to that of 
titratable acid and to urinary pH, but is not 
elevated relative to the systemic acidosis and 
ammonium chloride acid load. 


COMMENTS 


The Use of these Quantitative Indices. ‘The data 
presented indicate that the ammonium chloride 
loading test can be used for fairly precise 
quantitative assessment of the renal excretion 
of hydrogen ion in human subjects. Obviously 
such a test which requires care in its performance 
and lasts at least three days is not necessary 
in many cases of renal tubular acidosis. Patients 
with overt signs and symptoms of nephro- 
calcinosis or of osteomalacia can readily be 
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diagnosed on the basis of a diminished bi- 
carbonate concentration in plasma, a low or 
normal arterial pH value, a relatively neutral or 
alkaline pH value in the urine, and the absence 
of azotemia, hyperphosphatemia, hypergly- 
cemia, ketonemia and ketonuria. Three of our 
patients (A. B., M. B. and M. C.) belonged to 
this group; their urinary pH values were 
abnormally high in relation to the markedly 
depressed levels of carbon dioxide in venous 
serum. (Fig. 6.) On the other hand, in patients in 
whom there is minimal or intermittent depres- 
sion of the serum bicarbonate level (as in 
patients H. L. and A. T.) such a test is neces- 
sary to bring out the physiological defect in 
ability to excrete acid. Indeed, even with three 
days of ammonium chloride loading the relation- 
ship of the serum carbon dioxide level to the uri- 
nary pH of these two patients did not differ 
significantly from that of the normal subjects. 
(Fig. 6.) In these two patients the abnormality in 
total acid excretion was established by relating 
the absolute rate of hydrogen ion excretion to the 
serum level of carbon dioxide. (Fig. 7 and Table 
ur.) These observations underscore the fact that 
pH is a unit of intensity or concentration which 
indicates the gradient actively established in the 
kidney, but which gives no quantitative infor- 
mation as to the amount of acid or hydrogen ion 
being excreted per unit of time. 

It must be apparent, therefore, that the chief 
usefulness of the type of quantitative assessment 
presented in this paper lies in its application to 
the diagnosis of borderline clinical cases or to the 
detection of latent defects of this renal function 
in subjects with no signs or symptoms of the 
disease. This latter application is illustrated in 
the third paper in this series in which an attempt 
to identify a genetically determined defect in the 
relatives of one of our patients is reported [7]. 

Conditions of the Test. Such detection of 
minimal abnormalities in the capacity of the 
kidney to excrete hydrogen ion requires careful 
consideration of the conditions governing the test 
procedure. 

Duration of loading may be critical for detec- 
tion of the minimal impairment. Wrong and 
Davies [78,79] have used the eight-hour response 
to a single ingested dose of ammonium chloride. 
This test is an excellent one for identifying 
patients with the specific defect in the ability of 
the kidney to acidify the urine; it is less likely 
to pick up minimal impairment of ammonium 
excretion because of the prolonged augmentation 
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TABLE IV 
EXCRETION OF AMMONIUM ION AS PERCENTAGE OF 
THE SUM OF TITRATABLE ACID PLUS AMMONIUM 
ION EXCRETION 


UVwuit X 100 
UVrat UVnuat 
Group and Subject | 
Ammo- | nium nium 
nium | Chloride | Chloride 
Chloride | (Day 3) | (Day 5) 
(%) (%) (%) 
Normal adults 
n* 20 20 20 
mean 53.6 66,3: 
maximum 74 75 | 86 
minimum 39 52 58 
Adults with renal 
tubular acidosis 
59 71 
M. B. 70 61 
M. C, 72 60 
A. B. 72 
MT 28 


* n indicates the number of subjects. 
¢ Patient with specific defect in renal ammonia 
production, reported elsewhere [23]. 


over three to five days in the excretion rate of 
ammonium ion. Our normal subjects were 
tested on the first day of ammonium chloride 
loading; during this first twenty-four-hour 
period the excretion rate of titratable acid 
approached but did not always reach the maxi- 
mum levels attained on the third day. (Fig. 1.) 
For this reason the third and fifth day were 
arbitrarily chosen by us for standard test periods. 

Dosage of ammonium chloride, which ranged 
in these tests from 98 to 195 mEq./day/1.73 M?, 
may not have to be held within narrow limits, 
the essential factor being the ingestion of a 
strongly acid diet. Dosage should be deter- 
mined primarily by the condition of the subject 
being tested; the dose should be smaller in 
acidotic patients, and larger in subjects in whom 
a provocative test is being performed to bring 
out a latent minimal impairment. Timing of the 
divided daily dose is important. In several of 


our normal subjects one dose of ammonium chlo- 


ride was taken in the early morning of the third 
day within one hour of the blood sampling. The 
serum carbon dioxide levels then obtained 


a 
| 
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Fic. 4. Relation of the excretion rate of ammonium ion to the pH of the urine, in normal subjects and in patients 
with RTA. Round symbols represent normal subjects, triangles patients with R'‘TA. Open symbols indicate control 
days prior to, and solid symbols third day of, ammonium chloride loading. ‘The rate of excretion of ammonium ion 
varies inversely with the urinary pH in all normal subjects and in four of the five patients with RTA. However, 
three of the latter tend to have high rates of ammonium ion excretion relative to the pH of the urine. The cross 
represents the same relationship in a patient with renal acidosis due to a specific and primary defect in ammonium 
excretion (reported on elsewhere [23|); the patient was acidotic, but was not given ammoninum chloride. In this 
case the excretion rate of ammonium ion is extremely low relative to the pH of the urine. 


appeared to be unduly low and the data from 
these test periods were discarded. The last por- 
tion of the daily dose should be taken at least 
seven hours before the end of the twenty-four- 
hour period (usually at bedtime the night 
before). 

For practical reasons, the daily diet was 
uncontrolled in most of our subjects who were 
asked to continue their normal dietary regimens 
and were warned against taking any acidifying 
or alkalinizing medication. Large variations in 
intake of neutral sodium chloride might affect 
the increment index based on changes in 
chloride excretion, AUVyt/AUV in two nor- 
mal subjects (C. M. and G. W..) with the lowest 
values for this index there was very little varia- 
tion in the intake of sodium and/or chloride as 
reflected in the urinary output of these ions in 
the control periods. Hence this factor is unlikely 
to be the sole explanation of the overlap of values 
for this index between normal subjects and 


patients with RTA. The other increment index 
in which change in acid excretion is related to 
ammonium chloride administered, AUVyt/ 
ACl,,, would be jeopardized by any large change 
in endogenous production of hydrogen ion or in 
the balance of fixed anions to fixed cations in the 
daily diet. Error due to variation in intake of 
chloride is rendered unlikely by the close 
correlation in the control periods of the daily 
excretion of sodium to that of chloride, whereas 
there was no correlation between the excretion 
rates of chloride and of hydrogen ion. The possi- 
bility of error due to variation in endogenous 
production of hydrogen ion has been assessed 
by examination of our data on the urinary excre- 
tion of inorganic sulfate in eight of our normal 
subjects. Insofar as the excretion of sulfate mir- 
rors the metabolic production of hydrogen ion, 
these data suggest that variation in the latter 
factor between control and test periods does not 
account for the failure of the increment indices 
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Fic. 5. Relation of the excretion rate of ammonium ion on the third day to the daily amount of ammonium 
chloride given, in normal subjects and in patients with renal tubular acidosis. (Symbols same as in Fig. 4.) The 
excretion rate of ammonium ion varied directly with the acid load. 


30- 
25- 
8 
20- 
mM. / | 
10- 
a 
7.0 6.5 6.0 $5 5.0 45 
pH urine 


Fic. 6. The relation of the total serum content of carbon dioxide to urinary pH 
in normal subjects and in patients with RTA before and during ammonium 
chloride loading. (Symbols same as in Fig. 4.) Solid line roughly indicates the 
lower limit of this relationship in the normal subjects. ‘The test in three of the pa- 
tients with RTA clearly had abnormal results; the other two patients (A. T. and 
H. L.) and the patient with the ammonium excretion defect (x) were not differ- 
entiated from the normal subjects by this relationship. 


OCTOBER 1960 


. 


568 Hydrogen Ion Excretion in Renal Tubular Acidosis. I—E£lhinton et al. 
25+ ® 
[co, 
20- 
® 
10- 
Bias 
+ ( 100 
MEQ. /min./1.73 
ee 50 100 iSO 


mEq./ 24 hrs./1.73 


Fic. 7. The relation of the total serum content of carbon dioxide to the absolute rate of hydrogen ion excretion in 
normal subjects and in patients with RTA. (Symbols same as in Fig. 4.) All the patients are differentiated from 


the normal subjects by this relationship. 


to separate the patients with RTA from the 
normal subjects. * 
The necessity for acid loading requires some 


* Other investigators have presented evidence that the 
major part of the metabolic production of hydrogen ion is 
due to the oxidation to sulfate of sulfur-containing amino 
acids and in a lesser degree to the incomplete metabolism 
of organic acids derived from fat and carbohydrate 
| 39,40). In seven of our normal subjects the daily excre- 
tion of sulfate in the control periods was equivalent, on 
the average, to 61 per cent of the daily total hydrogen ion 
excretion (range: 48 to 100 per cent). (Table mA.) 
The mean sulfate excretion rate for all the periods 
(control and acid loading) for each subject ranged be- 
tween 31.5 and 50.4 mEq. per twenty-four hours per 
1.73 M*; the standard deviations from these means 
averaged +6.3 (range +2.9 to +8.6) mEq. per twenty- 
four hours per 1.73 M2. On the third day of ammonium 
chloride loading in each subject twice this standard 
deviation equalled but 2 to 7 per cent of the total excre- 
tion of hydrogen ion. Furthermore, in one subject (R. E.., 
whose increment index AUVyt/AUV¢,,, was the next 
to lowest value and overlapped the same index in some of 
the patients with R'TA, the sulfate excretion rate on the 
third day of ammonium chloride loading was exactly 
the same as the average control rate. 


consideration. In the use of the clearance indices 
proposed in this paper the total amount of acid 
given or of hydrogen ion presenting to the 
kidney does not need to be measured since the 
absolute rates of hydrogen ion excretion, and its 
moieties, are compared only with the level of 
extracellular buffer. However, the clearance 
indices only separate the normal subjects from 
the patients with RTA when the normal sub- 
jects are on a diet made acid by the addition of 
ammonium chloride. (Fig. 3.) Clearance indices 
of patients with obvious metabolic acidosis (who 
are Carrying an extra exogenous load of acid) can 
be compared with indices of normal subjects given 
extra endogenous acid. But where the person be- 
ing tested is in a questionable borderline state the 
critical comparison requires that the diet be 
strongly acid (i.e., that the subject be given 
ammonium chloride) in order to decide whether 
or not there is impairment of this renal function. 
Six grams (112 mEq.) of ammonium chloride 
added daily to the average acid-producing diet of 
an average-sized adult probably will insure an 
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adequate load of acid; higher doses are required 
in subjects whose normal diets are more 
alkaline. 

The Nature of the “Clearance”? Calculations for 
Hydrogen Ion. Although the rationale of such a 
calculation has already been presented, the na- 
ture of these clearance calculations requires some 
further comment. The buffer capacity of the 
body fluids, and more especially of the extra- 
cellular fluid, is equal to the difference between 
the fixed or non-buffer cations and anions or to 
the sum of the buffer anions. Singer and Hastings 
|37| have shown that this moiety, called by them 
‘buffer base,’ may be quantitated in red cells 
and plasma. Determination of changes in the 
concentration or amount of buffer base in a 
fluid phase is the most direct way to measure 
a change in the buffer capacity or potential 
hydrogen ion content of that phase; the actual 
hydrogen ion concentration or pH is but an 
indication of the proportionality between the 
acidic and basic components of the _ buffer 
systems. Respiratory activity regulates extra- 
cellular pH by affecting this proportionality 
through changes in the level of one of the princi- 
pal weak acids, carbonic acid. On the other 
hand, the regulatory activity of the kidney 
consists of the maintenance or restoration of the 
buffer capacity, or buffer base, of the body fluids. 
Although the tubular reabsorption of bicarbon- 
ate appears to be a function of the pressure of 
carbon dioxide (Pc¢o,), the excretion of bicar- 
bonate and hydrogen is a function of pH [38]. 
In metabolic acidosis, in which the filtered load 
of bicarbonate is drastically reduced, no bi- 
carbonate is excreted, although the total reab- 
sorption of bicarbonate diminishes along with 
the compensatory lowering of Pco,. (Table 14 
and 1B.) But, the excretion of hydrogen ion is 
increased and correlates directly with the reduc- 
tion in buffer base and bicarbonate (and in- 
creased hydrogen content of the buffers) in 
extracellular fluid, and perhaps in the renal 
tubular cells as well. 

Under the ordinary circumstances of an acid- 
ash diet, the kidney performs its acid-base 
regulation by excreting the ‘“‘surplus’’ fixed 
anions with hydrogen ions and with ammonia 
and by conserving buffer base mainly in the 
form of bicarbonate. Theoretically the most 
precise measurement of this renal function would 
be in terms of the excretion rate and clearance of 
buffer base. In the metabolic circumstances 
requiring the excretion of hydrogen ion, the 
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Fic. 8. The relation of the excretion rate of titratable acid 


to that of total phosphate during the third day of am- 


monium chloride loading, in normal subjects and in pa- 
tients with RTA. (Symbols same as in Fig. 4.) The 
excretion rate of titratable acid was lower in all the 
patients with RTA than in the normal subjects. In two 
of the patients with RTA (H. L. and A. T.), however, 
this was due to a lower rate of excretion of phosphate 
rather than to a lesser degree of acidification of the 
phosphate buffer present in the urine, as in two other 
patients (M. C. and M. B.). 


excretion rate of buffer base is a negative quan- 
tity; this is also true of the clearance calculated 
by dividing the excretion rate of buffer base 
by the concentration of buffer base in blood. In 
each of our normal subjects and patients in 
whom this latter concentration was measured, 
the clearance of buffer base was calculated and 
was found to become more negative as the 
hydrogen ion intake or load was increased.* 
The differences between the normal subjects and 
patients with RTA were essentially the same as 
the differences between the two groups of the 
more simply calculated indices of hydrogen ion 
clearance based on the rate of excretion of total 
hydrogen and the reciprocal of the serum content 


* The range of clearance of buffer base, UVpsp/|BB]», 
in five normal subjects on the third day of ammonium 
chloride loading was —1.2 to —2.2 ml. per minute per 
1.73 M?; these values in three patients with RTA (A. T., 
M. B. and M. C.) were, respectively, —1.0, —0.9, and 
—1.0 ml. per minute per 1.73 M*. Urinary buffer base, 
UVsps, was calculated according to the method sug- 
gested by Barker and Singer [52] as: (UVuco;3~ 
+ 0.8 UVpo, in uM. per minute) — (UVra + UVwus). 
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‘TABLE V 
INDICES OF HYDROGEN ION EXCRETION 
Data from the Literature 


Investigators and Subject 


Normal adults 


zordon ct al. D. H.)........ 
Gordon et al. (173) D. F.)........ 
Gordon et al. ({73] D. S.).. 


Reynolds ([47] ave. 13$)........ 


Renal tubular acidosis 
Listes et al, 1147) MM)... 
Smith and Schreiner ({43] No. 2*)...... 


Sirota and Hiamerman A. 


Reynolds ({47] J. D.*)....... 
Reynolds ({47| D. H.*).... 
Frick et al. ({45] Pt.*). 


Normal adults 


Sartorius ct al. P.)..... 


Renal tubular acidosis 
Albright et al. ({[72] M. St. P.)......... 


Increment Indices 
(%) 
AUVu~ X 100 | AUVu* X 100 UVut 
| AClin 1/[(COz]) 
Third Day of Ammonium Chloride 
38 | 38 2.4 
61 | 55 3.0 
53 | 34 2.9 
155 | 68 3.0 
70 1.6 

| 32 | 38 0.9 
<30 | <43 0.3 
| 42 0.0 
| 24 1.5 

Fifth Day of Ammonium Chloride 

90 | 3.1 
| | 59 1.2 
| 65 45 1.4 


* Surface area assumed, from weight when given. 


+ Average for thirteen normal subjects, average surface area assumed to equal 1.73 M?; these data were published 


after our study was completed. 


t Calculated on the assumption that the serum carbon dioxide content was the same in the third as on the fourth 


day of administration of ammonium chloride. 


of total carbon dioxide. Hence we have adhered 
to the latter for our investigative purposes. 
Application of These Calculations to Data in the 
Literature. Although much has been written 
about the urinary excretion of acid in normal 
subjects and in patients with renal tubular 
acidosis, there are relatively little data that can 
be submitted to our analysis. This is due to a 
variety of difficulties; urinary analyses were in- 
complete, serum analyses were not made or did 
not correspond to our arbitrary timing, no 
control periods were obtained, or the acid load 
was varied from day to day. For those normal 
subjects and patients whose data have been 


submitted to our analysis, the results are 
presented in Table v as well as in Figures 2 and 
3 [3,9,12-14,41-45|. There is good agreement with 
our own results in both normal subjects and 
patients with renal tubular acidosis. This 1s 
especially reassuring in the case of the three nor- 
mal newborn infants studied by Gordon, 
McNamara and Benjamin [73] for some of our 
subjects to be reported on subsequently [7] were 
children. However, more normal data are 
urgently needed in the younger age groups. 
Evidence Concerning the Pathogenesis and Types of 
Renal Tubular Acidosis. This problem will be 
discussed in detail elsewhere [6], but the data 
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presented here shed some light on the renal 
mechanism involved. Hydrogen ion excretion 
did not seem to be limited primarily by impair- 
ment of the production of ammonia and its 
excretion as ammonium ion. As other workers 
have found [78,79,45,46|, the excretion rate of 
ammonium ion tended to be high in relation to 
the pH of the urine in some of these patients 
(Fig. 4); this suggests that limitation of am- 
monium ion excretion is not primary but is a 
secondary effect of the abnormally high pH of 
the tubular urine. In all five of our patients the 
excretion of ammonium ion relative to the 
degree of systemic acidosis, i.e., the clearance 
index, was depressed but the depression was not 
out of proportion to that for titratable acid. Thus 
the availability of ammonia as a proton acceptor 
does not appear to be the primary limiting factor, 
as apparently it is in generalized renal disease 
such as chronic glomerulonephritis | 78,79,47,48]. 

The abnormality in these patients, therefore, 
is to be looked for in those renal processes that 
are involved in the reabsorption of bicarbonate, 
the excretion of titratable acid, and the estab- 
lishment of a high gradient for hydrogen ion be- 
tween blood and urine. Three of our five 
so-called patients with ““R’TA” clearly -had an 
inability to establish this gradient; the other two 
(A. T. and H. L.) were able to maintain a nor- 
mal hydrogen ion gradient, as shown by an 
acid urine (Fig. 6), but excreted total amounts of 
titratable acid and of total hydrogen ion that 
were low relative to the systemic acidosis as 
indicated by the serum carbon dioxide level 
(Fig. 7.) One limitation in these patients was 
the amount of urinary phosphate buffer availa- 
ble to accept hydrogen ions. As shown in Figure 
8 and in Table u, the rate of phosphate excreted 
by these two patients was not only lower but, in 
contrast to two of the other patients with RTA 
and to all but one of the normal subjects, did not 
increase on acid (NH,4Cl) loading; factors con- 
trolling the availability of phosphate, other than 
glomerular filtration, must have played a role in 
these two patients. Such factors might well 
include inadequate intake of phosphate, de- 
fective intestinal absorption of phosphate (as in 
resistance to vitamin D or steatorrhea), or de- 
creased parathyroid activity, all of which would 
cause increased tubular reabsorption and hence 
decreased excretion of phosphate acceptors of 
hydrogen ion. Experiments in severely acidotic 
dogs in our own laboratory [49] have indicated 
that in the presence of unlimited amounts of 
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phosphate in tubular urine a ceiling on the 
tubular transfer of hydrogen ion is reached that 
is some ten to twenty times the maximal rate 
occurring in the absence of extra phosphate. 
None of our patients were infused with phosphate 
but other investigators have shown that in some 
patients with RTA [47,43-45,50] as well as in 
normal subjects [57] this procedure leads to an 
increase in the total amount of titratable acid 
excreted although not to an increase in hydrogen 
ion gradient. These observations make it un- 
likely that the limiting factor is solely the ability 
of the tubules to donate protons against a low 
hydrogen ion gradient. Other factors that must 
be involved are the primary impairment of 
tubular proton donation against a high gradient 
(failure of the hydrogen ion pump), or primary 
lack of phosphate proton acceptor for causes 
other than depression of glomerular filtration. In 
addition, primary lack of ammonia as a proton 
acceptor has been documented by our group in 
another case of renal acidosis in a patient with a 
non-contracted kidney |23]; data from this pa- 
tient are shown in Table rv and in Figures 4, 6 
and 7 for comparison. Thus, patients without 
contracted kidneys may excrete inadequate 
amounts of hydrogen ion due to causes other 
than failure of the “‘hydrogen pump.” Whether 
or not they should be labelled renal tubular 
acidosis is a matter of definition. Perhaps some 
new diagnostic classifications of renal acidosis 
are needed. 

In any case, factors of tubular donation of 
protons need to be examined in these patients. 
Since the enzyme, carbonic anhydrase, plays an 
important role in facilitating the renal tubular 
processes of ion exchange and bicarbonate re- 
absorption it has seemed reasonable to assess the 
function of the enzyme in this disease. By use of 
the inhibitor, acetazolamide, we have made an 
attempt to study this problem in some of the 
same patients herein reported on; this study is 
presented in the second paper in this series [6]. 


SUMMARY 


In order to establish criteria for the quantita- 
tive assessment of the renal excretion of hydrogen 
ion in patients suspected of having renal tubular 
acidosis, or in their relatives who might have a 
genetically determined latent impairment of this 
function, a standard three day and five day 
ammonium chloride test was performed twenty 
times in eighteen normal adults. The results were 
analyzed and compared with similar data from 


572 


five adult patients with the clinical diagnosis of 
renal tubular acidosis. The results show that: 

1. Increment indices, in which the change in 
hydrogen ion excretion is compared with the 
increment in chloride excretion or in acid load, 
do not always separate the patients from the 
normal subjects. 

2. A clearance index in which the absolute 
excretion rate of hydrogen ion is related to the 
total hydrogen content of the extracellular buffer 
systems (quantitated as the reciprocal of the 
serum carbon dioxide level) does separate the 
patients from the normal subjects under cir- 
cumstances of an increased total hydrogen load. 

3. In these adult patients with renal tubular 
acidosis the primary impairment of hydrogen ion 
excretion appears to involve the excretion of 
titratable acid; the excretion of ammonium ion 
is somewhat less deficient relative to the degree 
of systemic acidosis and normal or high relative 
to the pH of the urine. 

4. Two of the patients with RTA _ were 
primarily limited in their ability to excrete acid 
by the amount of phosphate available in the 
tubular urine to accept hydrogen ions, and the 
other three patients with RTA were primarily 
limited by the capacity of the tubular cells to 
reabsorb bicarbonate and to transfer hydrogen 
ions against a concentration gradient. Thus more 
than one mechanism of acid excretion apparently 
is disturbed in renal tubular acidosis if all pa- 
tients are included who have actual or potential 
acidosis due to *“‘non-contractive’’ disease of the 
kidney. 

It is concluded that the test and data here 
presented provide a tool for the investigation of 
the pathogenesis and etiology of latent as well as 
overt disturbances in this renal function. 
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APPENDIX 


Brief summaries of patients with clinical 
renal tubular acidosis are presented: 


CasE1. <A. T., a thirty-seven year old white house- 
wife of Italian descent, was first seen in February 1950 
in the Hospital of the University of Pennsylvania. She 
was admitted unconscious, hyperventilating, and in a 
state of extreme metabolic acidosis. Results of labora- 
tory data were as follows: arterial pH 6.97; venous 
serum carbon dioxide 4 mM _/L.; chloride 126, potas- 
sium 2.6, and sodium 136 mEq./L.; calcium 12, 
phosphorus 1.9, and blood urea nitrogen 15 mg. per 
cent; urine showed a pH of approximately 5. The pa- 
tient was treated with potassium, sodium and calcium 
alkali salts; one month later the results of an am- 
monium chloride loading test appeared to confirm the 
diagnosis of tubular insufficiency without glomerular 
insufficiency. There was no roentgenographic evi- 
dence of osteomalacia or nephrocalcinosis and the 
urogram showed normal appearing kidneys. On this 
first admission the patient had no abnormal degree of 
organic aciduria. 

The patient has been followed up for eight years and 
her health has improved. She received alkali salts 
daily for the first two years. ‘There was a second episode 
of severe acidosis one and a half years after the first 
admission, and at that time she was found to have a 
very severe organic aciduria while addicted to 
paraldehyde; the patient has had no aciduria since 
addiction was cured. Although on no alkali therapy 
since 1952, there has been only occasional mild de- 
pression of serum carbon dioxide level. When tested 
with 5 day load of ammonium chloride in 1952 follow- 
ing the paraldehyde episode and again in 1956 (as 
reported on herein) there was still no evidence of 
osteomalacia or nephrocalcinosis. The patient re- 
sponded to carbonic anhydrase inhibitor but proba 
bly to subnormal extent. She has been reported on in 
detail previously [20]. 


Case u. H. L., a sixty-five year old white house- 
wife, was first seen at Hospital of the University of 
Pennsylvania in 1952 on the services of Dr. H. 
Royster and Dr. E. Rose for osteomalacia and multi- 
ple fractures. She had recurrent pyelitis for twenty- 
five years. After onset of pyelitis, weakness, parasthesias 
and muscle stiffness followed. She had had partial 
parathyroidectomy ten years before admission; since 
then she has been crippled with severe pain and weak- 
ness in back and legs and has suffered from severe 
tetany for past year. On admission the patient showed 
only tenderness over the left thoracic cage and limita- 
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tion of movement of back and legs. Roentgenograms 
showed multiple fractures of ribs and spine, gen- 
eralized osteomalacia, no calcification in kidney, and 
normal urogram. Serum electrolytes were as follows: 
carbon dioxide 25.2 mM/L.; chloride 101, sodium 
144; and potassium 3.7 mEq./L.; calcium 8.8, 
phosphorus 1.8, and blood urea nitrogen 12 mg. per 
cent. Urinalysis showed a specific gravity of 1.003 to 
1.010, it was neutral, and 0 to 1 white blood cells. 

Six months later the patient was readmitted to the 
Metabolic Unit for further study. Physical and roent- 
genographic findings were unchanged. Chemical 
analyses of serum showed carbon dioxide 20.2mM_/L.; 
sodium 136, potassium 4.6, and chloride 93 mEq./L.: 
creatinine 0.7, calcium 8.3, phosphorus 2.1, and 
blood urea nitrogen 13 mg. per cent. Urinalysis 
showed white blood cells, positive Escherichia coli 
culture, pH 6.88, HCO; 11 mM/24 hours; phenol- 
sulfonphthalein test was 50 per cent in 25 minutes, 
82 per cent in two hours. A five-day ammonium 
chloride test indicated deficient excretion of titratable 
acid plus ammonium ion (see text) and an increased 
excretion of calcium. Acute renal function studies 
showed 82, 91, Cran 485, Cpo, 
ml./minute per 1.73 M?, TMpay 89 mg./minute per 
1.73 M?. Control of the infection of the urinary tract 
was difficult because of allergic sensitivity to anti- 
biotics. The patient was discharged on vitamin D 
therapy 2,000 units, dicalcium phosphate, and sodium 
plus potassium citrate 100 mEq. per day. The subject’s 
course was only moderately satisfactory because of re- 
current urinary infection and intermittent dosage of 
alkali solution. She moved to the West Coast and was 
last heard of in 1955. 

At the time of these admissions the tentative 
diagnosis was renal tubular acidosis; in retrospect a 
diagnosis that seems at least as likely is that of re- 
sistance to vitamin D complicated by pyelonephritis. 


Case mi. <A. B., a forty-four year old single white 
woman, was first admitted in 1953 to the Adden- 
brooke’s Hospital, Cambridge, for study of a gen- 
eralized flaccid paralysis associated with hypo- 
kalemia of two years’ duration. Chemical findings in 
serum were as follows: HCO; 18.7, chloride 116 
mEq./L., calcium 9.1, urea 38 mg. per cent. The 
urine showed a trace of protein, the pH was 7, the 
specific gravity 1.010 after eighteen hours of fluid 
deprivation. The clearance of urea was 49 per cent of 
normal, of endogenous creatinine 53 ml./minute, 
and phenolsulfonphthalein excretion 50 per cent in 
two hours. Roentgenographic examination revealed 
nephrocalcinosis. 

Investigations by Fourman and McCance [2/] 
included a three-day ammonium chloride loading test 
showing deficient excretion of ammonium ion and 
titratable acid, and a diagnosis of renal tubular 
acidosis was made. Therapy, however, was rendered 
difficult because the patient developed tetany when 
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potassium was administered ; the necessary small doses 
of sodium and potassium citrate barely controlled her 
acidosis and her subsequent course included progres- 
sion of nephrocalcinosis with the frequent passing of 
many stones. In 1957 the patient was readmitted and 
her acidosis was more completely controlled with 
sodium and potassium bicarbonate. 


CasEiv. M.B., a forty-four year old white woman, 
was first seen on the service of Dr. R. Mayock in the 
Hospital of the University of Pennsylvania in 1954, 
for weakness, polydipsia, polyuria, vomiting and 
cardiac palpitation. Wasting, tachycardia, heart block, 
and a diffusely enlarged thyroid were found. Blood 
chemistry showed the following: serum carbon 
dioxide 14 mM/L.; sodium 140, chloride 117, and 
potassium 1.2 mEq./L.; calcium 13.4, phosphorus 3.9, 
and blood urea nitrogen 29 mg per cent. Urinalysis 
showed only a trace of albumin and a fixed specific 
gravity of 1.001 to 1.002. A presumptive diagnosis of 
hyperthyroidism with secondary hypercalcemia was 
made and the patient was given methimazole. In 
March 1955 the patient, clinically improved, was re- 
admitted and a subtotal thyroidectomy was per- 
formed. The pertinent blood chemical values were as 
follows: serum content of carbon dioxide 15 mM/L.;: 
chloride 112, potassium 3.6 mEgq./L.; calcium 9.5, 
phosphorus 2.9, and blood urea nitrogen 15 mg. per 
cent. A urogram showed bilateral renal calcifications, 
a finding that had not been present on a similar 
examination five months previously. Urine con- 
centrated to 1.010 on fluid restriction, urinary pH 
7.51, phenolsulfonphthalein was 27 per cent in 
fifteen minutes and 80 per cent in two hours, and 
creatinine clearance was 62 ml./minute/1.73 M?. A 
diagnosis of renal tubular acidosis was supported by 
the results of an ammonium chloride loading test and 
an alkalinizing salt mixture was prescribed. 

In 1956 the patient returned because of continued 
polydipsia and polyuria; alkali therapy had been 
withheld three weeks. Blood chemical values were 
essentially as before and an ammonium chloride load- 
ing test produced the same results. Alkali therapy was 
continued. In 1957 the patient again returned with 
symptoms of hyperthyroidism and was treated with 
['*!. Another ammonium chloride loading test 
(reported on herein) indicated no change in renal 
ability. to excrete acid. Roentgenograms of the ab- 
domen showed the nephrocalcinosis unchanged. In 
January 1959 the nephrocalcinosis was again un- 
changed. The patient was found to have been taking 
only one-third of the prescribed dose of alkali. This 
case has been reported previously [22]. 


Cas—E v. M. C., a forty-one year old white house- 
wife, was first seen in the Hospital of the University of 
Pennsylvania in 1956 because of long-standing 
nephrocalcinosis and nephrolithiasis. At sixteen years 
of age she first suffered from back pain, chills and 
fever, and a diagnosis was made of kidney stones. In 
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1948 a left ureterolithotomy was performed; intra- 
venous pyelography jat that time showed no nephro- 
calcinosis. Until 1953, after the birth of the last of her 
five children, she had no further symptoms; at this 
time she again began to pass stones with great fre- 
quency. In 1956 a non-toxic adenoma of the thyroid 
and one normal parathyroid were removed in an- 
other hospital. On this admission bilateral nephro- 
calcinosis was first demonstrated by roentgenograms; 
a survey of the bones had negative results. Physical 
examination on admission to the University of 
Pennsylvania Hospital was essentially within normal 
limits except for operative scars. Biochemical analyses 
of blood showed the following: serum content of 
carbon dioxide 17.8 mM/L.; chloride 113, sodium 
141, and potassium 3.6 mEq./L.; calcium 10. 
phosphorus 2.3, and blood urea nitrogen 16 mg. per 
cent; alkaline phosphatase 2.4 units. Examination of 
urine revealed a pH of 6.9, albuminuria 1 plus, 0 to 3 
red blood cells, many white blood cells, and a negative 
culture, phenolsulfonphthalein excretion was 16 per 
cent in fifteen minutes and 46 per cent in two hours. 
An ammonium chloride loading test confirmed the 
diagnosis of renal tubular acidosis. Renal biopsy, 
performed by Drs. E. A. Hildreth and J. Senior, 
revealed spotty areas of lymphocytic infiltration, 
moderate interstitial fibrosis, and a few sclerosed or 
hyalinized glomeruli; no calcification was seen. 
Analysis of several renal stones showed that they were 
composed of calcium carbonate and calcium phos- 
phate. The patient was discharged on a regimen of 
50 mEq. of sodium bicarbonate and potassium citrate 
per day. 

During the next six months the patient continued to 
pass some stones despite an increase in alkali therapy 
to 130 mEq. cation per day. For a further period of 
nine months the patient was therefore given sodium 
phytate, the renal excretion of calcium was decreased 
but of phosphate increased. By December 1957 the 
patient’s increase in nephrocalcinosis (as shown by 
roentgenograms) and continued excretion of many 
stones indicated the undesirability of the phytate 
therapy; this therapy was stopped and the dose of 
alkali increased again. In February 1958 two large 
stones remained impacted in the right ureter and 
another ureterolithotomy was performed. Following 
this operation the patient was tested for the renal 
response to carbonic anhydrase inhibitor and found 
to respond poorly as compared to normal control sub- 


jects; this finding suggested a deficiency of renal 


carbonic anhydrase [6]. In June 1958, following the 
increased administration of alkali, the patient’s 
acidosis was controlled and roentgenographic exami- 
nation suggested that the calcinosis in the right kidney 
was diminished. In October 1959 the nephrocalcinosis 
of the right kidney was definitely diminished and the 
patient was passing very few stones. 

Observations on relatives of this patient are re- 
ported in the third paper of this series [7]. 
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The Renal Excretion of Hydrogen Ion in 
Renal Tubular Acidosis_ 


II. Quantitative Response to the Carbonic 
Anhydrase Inhibitor, Acetazolamide 


G. D. WessTER, JR., M.D.,f E. J. Hutu, m.p., J. R. ELKINTON, M.D.] 
and R. A. McCCANCE, M.D., PH.D. 


Philadelphia, Pennsylvania 


NHIBITION of the enzyme carbonic anhydrase 
l closely simulates the clinical state of renal 
tubular acidosis by production of an alkaline 
urine and a metabolic acidosis. Although this 
fact has suggested the possibility that deficient 
activity of carbonic anhydrase is involved in the 
pathogenesis of this disease [7—3], the evidence 
for such involvement has been fragmentary and 
inconclusive. Smith and Schreiner [4] and 
Gabrielson [5] dismissed the possibility on the 
basis of finding free hydrochloric acid in the 
gastric fluid of some of their patients. The 
enzyme inhibitor, acetazolamide, has been 
administered to a number of patients with renal 
tubular acidosis [6-9], including one of our own 
patients who has already been reported on [7]; 
in each patient an increase in the rate of excre- 
tion of bicarbonate and in urinary pH has been 
interpreted (correctly) as evidence against the 
total absence of carbonic anhydrase activity. 
However, both Reynolds [8] and Frick, Rubini 
and Meroney [9] recognized that these results 
were complicated by other factors such as the 
presence of metabolic acidosis, and considered 
that carbonic anhydrase activity might well be 
deficient in renal tubular acidosis. 

We believe that the quantitative aspects of the 
renal response to the administration of acetazol- 
amide have not been examined sufficiently in 
these patients. For such an examination we have 
adopted the test used by Kaye [6], namely the 
change in excretion rate of bicarbonate and of 
hydrogen ion during the second and third hours 


after the administration of a single dose of 
acetazolamide, and have corrected the results 
for body size to a standard surface area. Four of 
our patients with renal tubular acidosis have 
been compared, while on alkali therapy, with 
a group of normal subjects either on normal diets 
or receiving sodium bicarbonate or ammonium 
chloride, and with a group of patients with 
generalized renal diseases such as_ chronic 
glomerulonephritis and nephrosclerosis. In both 
the patients with renal tubular acidosis and the 
patients with generalized renal disease, the 
administration of acetazolamide produced a 
smaller increase in excretion of bicarbonate than 
in the normal non-acidotic subjects. But 
analysis of changes in bicarbonate excretion and 
bicarbonate reabsorption relative to bicarbonate 
concentration in serum and filtered load 
indicates that this use of the enzyme inhibitor 
has not demonstrated conclusively diminished 
enzyme activity in these patients with either 
type of renal disease. 


MATERIALS AND METHODS 


The response (acute) to the administration of 
acetazolamide was measured in ten normal adult men 
on normal diets, in three when loaded with bicar- 
bonate, and in two when loaded with ammonium 
chloride; it was also measured in eight patients with 
renal disease. Four of these patients had generalized 
renal disease of the type that progresses to contracted 
kidneys (chronic glomerulonephritis, chronic pyelo- 
nephritis, nephrosclerosis); however, metabolic aci- 
dosis had not as yet developed. Short case histories of 
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Cambridge, England. This study was aided by grants from the National Heart Institute, U. S. Public Health Service 
(H-340), and the C. Mahlon Kline Fund for Development of the Department of Medicine, University of Pennsylvania. 

+ Present address: Department of Medicine, University of Miami School of Medicine, Miami, Florida. 

t Established Investigator of the American Heart Association, 1949-1959. 
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‘TABLE I 


RENAL RESPONSE TO THE ADMINISTRATION 


IN NORMAL SUBJECTS 


577 


OF A STANDARD SINGLE DOSE OF ACETAZOLAMIDE 


Urine Change in 
Serum Creati- | Bicarbon- oe 
Aceta- Bicarbon- nine ate Bicarbon- | .. 
Subject* | zolamide Bicarbon- | Titratable NHt Ht ate Clearance | Filtered oe ate Bicarbon- H+ 
(mg.) ate Acidity | (mEq. (uEq. | |Reabsorbed] 4 | Exereted 
(uEq. (uEq. | perL.) | per min.) | per min.) | Pe (mEq. (uEq. 
per min.) | per min.) | P® min.) | per min.) filtrate) per L. (uFq. per min.) 
filtrate) per min.) 
G. W. 0 6.93 23 16 15 8 (28. 4) 124 3510 
1.98 655 7.85 404 0 6 —375 113 2945 —6§.2 +381 — 390 
0 6.32 16 11 39 34 (25.3) 128 3225 
1.84 648 7.70 274 0 7 — 267 113 2610 —4.7 +258 —301 
R. E.1 0 6.95 36 6 15 —15 (25.0) 109 2715 
1.89 686 7.50 241 0 4 — 237 92 2100 —4.7 +205 — 222 
J. M. 0 6.15 4 8 30 34 (25.0) 131 3265 
1.90 682 7.63 290 0 5 —285 113 2575 —5.0 +286 —319 
E. Ha 0 7.18 95 2 13 — 80 27.8 126 3488 27.1 
1.93 672 7.62 363 0 9 — 354 26.8 104 2785 23.2 —3.9 +268 — 274 
L. R. 0 7.60 77 0 21 — 56 26.4 111 2930 25.7 
1.85 688 7.66 378 0 5 — 373 24.3 101 2455 20.5 —5.2 +301 —317 
W.R. 0 6.12 22 s 22 § 27.4 118 3230 37. 
2.16 651 7.99 230 0 3 — 227 21.6 118 2550 19.7 —7.5 +208 — 235 
H.S.1 0 §.29 9 10 36 37 28.4 114 3236 28.3 
1.83 650 7.89 386 0 4 —382 25.2 95 2395 21.2 —7.1 +377 — 419 
H. S.e2 0 7.04 35 3 23 9 26.2 107 2803 25.9 
1.83 650 8.00 583 0 5 — 578 23.2 92 2118 16.7 —9.2 +548 — 569 
W. Ja 0 §.30 18 12 22 16 26.3 94 2475 26.2 
1.92 675 7.69 349 0 4 —345 25.6 89 2280 5 ey —4.5 +331 — 361 
W.J.2 0 7.65 110 0 6 —104 28.4 101 2870 27.3 
1.92 675 7.81 414 0 4 — 410 26.° 89 2395 22.4 —14.9 +304 — 306 
C. Ba 0 6.00 4 17 23 36 26.8 90 2410 26.7 : 
1.98 709 7.69 256 0 4 — 252 25.7 80 2060 22.5 —4.2 +252 — 288 
C. B.e 0 7.49 145 0 7 —138 27.1 102 2825 26.3 
1.98 709 7.93 399 0 4 —395 25.7 86 2206 21.1 —5.2 +254 — 357 
mean: —5.6 +306 — 328 


Norte: All data are corrected to a standard surface area of 1.73 M2; the values in parentheses are assumed from prior determinations; for each subject the data 
as presented are the averages for two periods (one-hour each) before the administration of acetazolamide and for the second and third hour after the drug. 


* Data under subjects initials indicate surface area in M?. 


these patients are appended at the end of this paper. 
The other four patients with “‘non-contracted’’ kid- 
neys were diagnosed clinically as having renal tubular 
acidosis (RTA). Three of these patients with RTA 
(M. C., M. B. and A. B.) exhibited the classic form of 
the disease, namely, metabolic acidosis without 
azotemia, with relatively alkaline urines, and with 
associated nephrocalcinosis; the other patient with 
RTA (A. T.) was able to produce a more acid urine 
but failed to excrete a normal total amount of hydro- 
gen ion associated with a low excretion rate of phos- 
phate. These four patients with RTA constituted the 
main portion of the group tested for their response to 
the administration of ammonium chloride as reported 
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in the preceding paper [70], and their case histories 
are summarized there. 

The test was conducted as follows. On a liberal 
intake of fluid to ensure a diuresis, a timed urine col- 
lection was made during each of five consecutive 
hours. Two of the patients with RTA were cathe- 
terized and their bladders were washed; the normal 
subjects and other patients emptied their own bladders 
in the upright position. At the end of the second hour a 
single dose of acetazolamide was administered, 10 
mg./kg. of body weight, a dose which ranged between 
446 and 810 mg./1.73 M? of surface area. With the 
exception of one normal subject (E. H.) and one pa- 
tient (A. T.) the drug was given orally; in the subjects 
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TABLE II 
RENAL RESPONSE TO THE ADMINISTRATION OF A STANDARD SINGLE DOSE OF ACETAZOLAMIDE 


| Urine Change in 
| Serum Creati- | Bicarbon- 
Aceta- | Bicarbon- nine ate Bicarbon- | ,. 
Subject* | zolamide | Bicarbon- | Titratable NHGt Ht ate Clearance | Filtered agg ate — Ht 
(mg.) | 4 ate Acidity (mEq. (ml. (uwEq. Reabsorbed E Excreted 
| (uEq. (uEq. (ukiq. per L.) | per min.) | per min.) (mEq. (uEq. 
per min.) | per min.) per min.) | per min.) men per L. pan: ) per min.) 
| | filtrate) | Pet mn. 
Patients with Renal Tubular Acidosis 
A. T. 18 33 23 24.2 102 2470 24.0 
1.51,54.9| 573 | 7.48 167 0 7 —160 | (23.6) 101 2370 22.0 —2.0 +139 —183 
10 19 g | 24.0 68 1632 23.8 
1.48,56.3; 609 | 7.40 | 7 5 10 —42 24.0 56 1343 22.9 —0.9 +36 — 50 
Mts I 0 | 7.07 29 4 6 —19 21.2 57 | 1198 20.6 
| 609 7.31 R4 2 5 —77 20.1 50 995 18.5 —2.1 +51 —57 
M.C.; 0 7.68 71 0 2 —69 22.0 75 1639 21.1 
609 7.65 210 0 2 — 208 (21.4) 65 1430 18.2 —2.9 +139 —139 
M. B. 0 6.79 13 8 14 q 18.0 82 1476 17.8 
160, 60.0 703 7.55 150 0 7 — 143 17.2 78 1341 15.3 —2.5 +137 — 152 
A.B. 0 8.15 9 0 (69) 28.5 42 1197 26.8 
160, 60 810 8.20 277 0 (277) 27.5 42 1169 21.0 —5.8 +208 — 208 
mean: —2.7 +118 —132 
Patients with Generalized Renal Disease 
| | 
J.G. 0 | 6.20 | 12 21.5 20 430 21.4 
1.60, 56.4 7.25 | 35 —30 | 23.7 24 557 21.7 +0.3 +32 —42 
J.D. 0 | 6.70} 6 6 10 10 24.1 65 1566 24.0 
194, 71.0 | 7.65! 106 0 1 —107 23.8 47 1168 22.4 —1.4 +100 —117 
H.S. 3 21.4 85 1820 21.4 
194,79.1 |; 446 7.47 101 20.3 76 1544 19.0 —2.4 +98 
7.18] 24 7 ~16 | 26.0 69 1794 | 25.7 
184, 68.4 | | 7.52 | 150 0 6 —144 24.2 60 1439 21.7 —4.0 +126 —128 
mean: —1.9 +89 —96 
* Data under each subjects initials indicate surface area in M2 and weight in kilograms, respectively. 
TABLE III 
RENAL RESPONSE TO THE ADMINISTRATION OF A STANDARD SINGLE DOSE OF ACETAZOLAMIDE 
IN NORMAL SUBJECTS LOADED WITH NH4CL 
| Urine Change in 
Serum Creati- | Bicarbon- —— 
Aceta- Bicarbon- nine ate Re sme bed Bicarbon- Bicarb 
Subject | zolamide Bicarbon- | Titratable Ht ate Clearance | Filtered “si ate H* 
(mg.) ate Acidity (mEq. (ml. (uEq. (mEq. | Reabsorbed Excreted 
pH (wEq. per L. Excreted E 
(uEq. (uEq. per L.) | per min.) | per min.) (mEq. (uEq. 
per min.) | per min.) | P® min.) | per min.) filtrate) per L. (u q- per min.) 
filtrate) per min.) 
R. E.2 0 4.7 0 26 47 73 20.3 9] 1847 20.3 
1.89 686 6.95 57 14 11 —32 20.5 77 1579 19.8 —0.5 +57 —105 
E. H.2 0 5.13 0 29 89 106 21.9 123 2683 21.9 
1.92 700 7.50 128 0 40 — 88 20.0 88 1760 18.6 —3.3 +128 —192 
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Gen. renal 
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Fic. 1. Response to the administration of a single standard dose of acetazolamide in normal sub- 
jects, in patients with RTA, and in patients with generalized renal disease. Open squares are normal 
subjects loaded with ammonium chloride for three days. Initials identify the patients with RTA. 
Patients with both kinds of renal disease show a lesser response to the enzyme inhibitor than do 


the non-acidotic normal subjects. 


in whom the drug (in 5 per cent glucose solution) was 
administered intravenously, the rate of response did 
not appear to differ significantly from that in the other 
subjects and patients. Blood for analysis was drawn at 
the end of the control period and at the third hour 
after the administration of acetazolamide. 

Each urine specimen was collected under mineral 
oil and toluene, and was immediately analyzed, using 
anaerobic technics, for total carbon dioxide, pH, 
titratable acidity, ammonium ion, as well as for 
chloride, sodium, potassium, magnesium, calcium, 
phosphate and creatinine. Serum was analyzed for 
carbon dioxide and creatinine. ‘The chemical methods 
used are described in the preceding paper [70]. The 
bicarbonate concentration in serum was calculated in 
milliequivalents per liter from the total carbon dioxide 
content in mM per liter by subtracting the value 1.3, 
the assumed concentration of carbonic acid. 

The rate of excretion of hydrogen ion was calculated 
from the excretion rates of titratable acid, ammonium 
ion, and bicarbonate (as shown in Equation 1 of the 
first paper of this series). The average rates of excre- 
tion of hydrogen ion and bicarbonate during the 
second and third hour after the administration of 
acetazolamide were then compared with the average 
rates from the two control periods; and the difference 
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expressed in microequivalents per minute per 1.73 
M?. Using the value for the endogenous creatinine 
clearance as equivalent to the rate of glomerular 
filtration, the amount of bicarbonate filtered per unit 
time and hence the rate of reabsorption of bicarbonate 
were calculated for the periods before and after the 
administration of acetazolamide. The rates were like- 
wise given in units of microequivalents per minute per 
1.73 M?; in addition, the reabsorption of bicarbonate 
was also expressed in terms of milliequiyalents per 
liter of glomerular filtrate. 

At the time of testing with the administration of 
acetazolamide, one patient with RTA (A. T.) was 
maintaining an essentially normal serum level of 
bicarbonate without alkali therapy [7]. A second 
patient (M. C.) at the time of the first test was on an 
uncertain daily dose of sodium and potassium citrate 
but had a normal serum concentration of bicarbonate; 
at the times of the second and third tests she was 
receiving 66 and 164 mEq. daily, respectively, of 
these salts and her concomitant serum contents of 
total carbon dioxide were just within the lower 2 
minus standard deviation range of our normal sub- 
jects (see 'Table rm, [70]). A third patient (M. B.) 
was on inadequate alkali dosage and had a somewhat 
lowered serum bicarbonate concentration; the fourth 
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3000, 
2000 + 
HCO; 
filtered, 
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pEq./min./ 1.73 m* 
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MC 
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+100 + 200 +300 + 400 + 500 
AHCO; 
excreted 


pEq./min. / 1.73 m2 


Fic. 2. Relation of change in the absolute rate of bicarbonate excretion, following the ad- 
ministration of acetazolamide, to the concurrent rate of glomerular filtration of bicar- 
bonate. Open circles represent normal non-acidotic subjects, solid circles normal subjects 
made acidotic with ammonium chloride; open triangles indicate patients with generalized 
renal disease and solid triangles patients with renal tubular acidosis. Change in bicarbonate 
excretion varies with the amount of bicarbonate filtered, and in this respect there is no clear 
differentiation between the normal subjects and the patients with either type of renal disease. 


patient (A. B.) on alkali therapy exhibited a high 
normal serum level of bicarbonate. As a control for 
alkali therapy three of our normal subjects (H. S., 
W. J. and C. B.) were retested after the ingestion of 
supplementary amounts of sodium bicarbonate for 
two days prior to the second test. For comparison with 
the patients with slightly depressed serum bicarbonate 
levels two of the normal subjects (E. H. and R. E.) 
were tested again on the third day of ingesting a daily 
dose of 6 gm. of ammonium chloride. 


RESULTS 


The results are presented in ‘Tables 1 through 
mi and in Figures 1 through 3. 

During the second and third hour after the 
administration of a single dose of acetazolamide 
all the normal subjects and patients, with and 
without R’TA, excreted a urine which was less 
acid: the excretion rates of titratable acid and of 
ammonium ion fell and that of bicarbonate rose, 


as did the urinary pH (Tables 1 and 1). Quanti- 
tatively, the greatest change was in the excretion 
rate of bicarbonate and this was reflected in the 
fall in the calculated excretion rate of total 
hydrogen ion. However, these changes were less 
in the patients with RTA than in the non-acidotic 
normal subjects. In the latter the mean changes 
in excretion rate of bicarbonate and of hydrogen 
ion, respectively, were plus 306 and minus 
328 wEq./minute/1.73 M? and the correspond- 
ing minimum values were plus 205 and minus 
222. In the patients with RTA the change in 
bicarbonate excretion ranged between plus 36 
and plus 208, and in hydrogen ion excretion be- 
tween minus 50 and minus 208, wEq./minute/ 
1.73 M?*. Thus, there was a great difference in 
distribution of the response of these excretory 
rates to the enzyme inhibitor between the non- 
acidotic normal subjects and the patients with 
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Fic. 3. Relation of change in the tubular reabsorption of bicarbonate per unit of filtrate, 
following the administration of acetazolamide, to the initial concentration of bicarbonate in 
serum. Symbols are as in Figure 2. A positive correlation obtains in all three groups of sub- 


jects and patients. 


RTA. (Fig. 1A.) The changes in these excretory 
rates in the acid-loaded normal subjects, how- 
ever, were lower and within the range of the 
patients with RTA. In the four patients with 
generalized renal disease the changes in rate of 
excretion of bicarbonate and of hydrogen ion 
ranged between plus 32 and plus 126 and minus 
43 and minus 128 wEq./minute/1.73 
respectively, and thus were not greatly different 
from the patients with RTA. 

‘The serum bicarbonate concentration, when 
measured after the administration of the drug 
fell in all the non-acidotic normal subjects and 
in most of the patients. (Tables 1 and 1.) One 
patient (M. B.) had the lowest serum bicar- 
bonate level at the end of any test (17.2 mEq./ 
L.). The clearance of endogenous creatinine fell 
uniformly after the administration of acetazol- 
amide in most of the subjects and patients. In 
the normal subjects the control values for 
creatinine clearance ranged between 90 and 
131 ml./minute/1.73 M?. In one patient (A. T.) 
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clearance fell within this range (102); a patient 
with RTA (M. C.) exhibited lower clearances 
(68, 57 and 75) as did other patients with RTA 
(M. B. and A. B.) whose clearances were, re- 
spectively, 82 and 42 ml. per minute/1.73 M’. 
In the four patients with generalized renal dis- 
ease creatinine clearances ranged from 20 to 
85 ml./minute/1.73 

The change in rate of tubular reabsorption of 
bicarbonate after the administration of aceta- 
zolamide was less in three of the four patients 
with RTA than in the non-acidotic normal 
subjects whether expressed in relative units of 
milliequivalents per liter of glomerular filtrate 
(Fig. 1B) or in absolute units of microequiva- 
lents per minute per 1.73 M?. Inrelative units the 
change in bicarbonate reabsorption in the non- 
acidotic normal subjects was minus 3.9 to 
minus 9.2, in the patients with RTA minus 0.9 
to minus 5.8 mEq./L. of glomerular filtrate. In 
both the acid-loaded normal subjects and three 
of the four patients with generalized disease the 
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change in bicarbonate reabsorption relative to 
glomerular filtrate was below the range of the 
non-acidotic normal subjects and similar to that 
of the patients with renal tubular acidosis. 


COMMENTS 


Interpretation of the Results. ‘The response of 
these patients with renal tubular acidosis to the 
administration of acetazolamide must be inter- 
preted with caution. Observation of a lessened 
response to inhibition of an enzyme is not 
necessarily evidence that the activity of that 
enzyme is deficient. Furthermore, factors other 
than enzyme activity are involved in this par- 
ticular physiological response. Hence such an 
interpretation requires some consideration of 
what is known about carbonic anhydrase and 
exchanges of hydrogen ion in the renal tubule. 

Data relating to the presence of carbonic 
anhydrase in the renal tubule and its role in 
facilitating hydrogen ion exchange have been 
reviewed extensively [2,/7,/2]. Whether this 
facilitation is accomplished by hydration of 
carbon dioxide to carbonic acid or by its 
hydroxylation to bicarbonate, the net result is 
the same, namely to make protons available for 
exchange. The demonstrations by Berliner, 
Kennedy and Orloff [/3] and Schwartz and 
Relman |/4| that massive doses of the enzyme 
inhibitor, acetazolamide, lead to excretion of 33 
to 80 per cent of filtered bicarbonate indicates 
that carbonic anhydrase is active in the proximal 
as well as in the distal tubule. The view that all 
bicarbonate reabsorption takes place by a proc- 
ess of ion exchange requiring carbonic anhydrase 
activity has been challenged by Hanley and co- 
workers |75|; these workers found the reabsorp- 
tion of only 21 to 29 per cent of filtered bi- 
carbonate to be inhibited by acetazolamide in 
man. Nevertheless ion exchange must be 
involved in at least part if not all of the proximal 
tubular reabsorption of bicarbonate. According 
to Pitts |/6|, the hydrogen ions thus made 
available in the proximal tubule diffuse outward 
passively secondary to the active inward trans- 
port of sodium; in the distal tubule hydrogen 
and potassium compete in a coupled pump which 
also is moving sodium actively inward. Hence 
inhibition of carbonic anhydrase activity blocks 
the reabsorption of bicarbonate in both seg- 
ments of the nephron; in the distal tubule it 
inhibits the acidification of phosphate buffers 
and enhances potassium excretion as well. 

Factors other than the activity of carbonic 


anhydrase also determine the extent of hydrogen 
ion exchange and the reabsorption of bi- 
carbonate. Changes in PCO: have been shown 
to operate [77-79] and indeed a rise in PCO, will 
override the inhibition of carbonic anhydrase, 
as Brazeau and Gilman have shown experi- 
mentally [72,/7]. In metabolic acid-base dis- 
turbances which are acute the excretion rates of 
hydrogen ion and of bicarbonate vary inversely 
and directly, respectively, with extracellular 
fluid pH [20]. The reabsorption of bicarbonate 
varies with the PCO. but, because of the very 
large changes in the filtered load, not with the 
excretion of bicarbonate. Thus we have the 
paradoxical situation that in severe metabolic 
acidosis, when extracellular pH is low, tubular 
secretion or transport of hydrogen ion is dimin- 
ished, i.e., less bicarbonate is filtered and less 
hydrogen ion is exchanged for its reabsorption. 

Metabolic acidosis is well known to override 
the action of acetazolamide and to prevent the 
excretion of bicarbonate [6,77]. However, in a 
critical series of experiments, Schwartz, Fal- 
briard and Relman |27| have demonstrated that 
the administration of larger doses of aceta- 
zolamide (5 to 20 mg./kg.) do have an effect in 
acidotic dogs even in the most severe degrees of 
metabolic acidosis. The data in their experi- 
ments were analyzed in terms of Michaelis- 
Menten enzyme kinetics. The conclusion was 
reached that when the serum bicarbonate level is 
about 25 mEq./L. or lower, substrate presenta- 
tion (bicarbonate filtered) and/or other factors 
such as PCQOz limit the total reabsorption of bi- 
carbonate in the absence of inhibition of car- 
bonic anhydrase; but in the presence of carbonic 
anhydrase inhibition the enzyme is the rate 
limiting factor. 

These experimental findings would lend sup- 
port to an interpretation of our own observations 
of our patients with renal tubular acidosis, 
namely, that deficient renal carbonic anhydrase 
activity is rate limiting and is responsible for the 
quantitatively smaller response to the inhibition 
of acetazolamide. But the responses in our pa- 
tients with both types of renal disease were 
conditioned by variation both in filtered load 
and in serum concentration of bicarbonate. In 
Figure 2 it is shown that the change in the 
absolute rate of excretion of bicarbonate, fol- 
lowing enzyme inhibition, varies with the rate of 
filtration of bicarbonate and that this rela- 
tionship is not different between the normal 
subjects (non-acidotic and acidotic) and either 
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group of patients. A large part of the decrease in 
filtration of bicarbonate was due to lowering of 
the glomerular filtration rate rather than to 
lowering of the serum level of the ion. However, 
as shown in Figure 3, when on enzyme inhibi- 
tion the serum concentration of bicarbonate is 
related to the change in bicarbonate reabsorbed 
per unit of glomerular filtrate, it is apparent that 
as the bicarbonate level falls the effect of aceta- 
zolamide is diminished to the same extent in all 
groups. We can only conclude that carbonic 
anhydrase inhibition, at least at this dose level, 
does not demonstrate definitively the presence 
or absence of deficient activity of the enzyme in 
either group of renal patients. The pathogenesis 
of renal tubular acidosis has not yet been shown 
to involve a specific enzymatic defect. 

Proton Donation in Renal Tubular Acidosis. 
Factors in the pathogenesis of renal tubular 
acidosis already have been considered in the 
first paper of this series [70] where it is pointed 
out that in at least the classic type, in which 
systemic acidosis is associated with a relatively 
alkaline urine, mechanisms of tubular proton 
donation appear to be principally at fault. 
Hence we attempted to examine one factor in 
tubular proton donation, namely, the activity 
of carbonic anhydrase. ‘These studies supplement 
other physiological maneuvers that have been 
made in an effort to clarify the pathogenesis of 
this disease. Latner and Burnard [22], and 
subsequently a series of other investigators [4,8, 
9,23,24| administered phosphate to patients with 
RTA and found that, although the change in 
urinary pH was slight and variable, the excre- 
tion rate of titratable acidity always increased. 
Thus more hydrogen ions can be transferred 
when more proton acceptors, as phosphate 
buffer, are supplied; Pitts and co-workers [25] 
had shown this to be true in normal subjects. 
The administration of bicarbonate loads to pa- 
tients with R'TA has also been found to increase 
the tubular reabsorption of bicarbonate and 
hence the tubular exchange of hydrogen ion [4,8, 
9|. Both experiments might be interpreted to 
indicate that there is a deficit of proton acceptors 
in the tubular urine in these patients. But, as 
Mudge has pointed out [3], supplying such 
acceptors still does not enable the normal 
transfer of hydrogen ions against a concentration 
gradient in patients with RTA. 
As indicated previously | 70,26], not all patients 
with acidosis due to disease of a non-contracted 
kidney necessarily have a defect in tubular 
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proton donation; in some such patients factors 
of proton acceptor deficiency (phosphate or 
ammonia) appear to be primary. But, as already 
stated, in the conventional type of renal tubular 
acidosis the primary defect apparently does lie 
in the process or processes of proton donation, 
i.e., the production of hydrogen ion in and/or 
the transfer of hydrogen ion from the tubular 
cells. Presumably proton donation is defective in 
proximal as well as in distal segments of the 
tubule. While it is recognized that adrenocortical 
steroids condition the active reabsorption of 
sodium in the proximal tubule and may there- 
fore, increase the outward exchange of hydrogen 
ion [27], there is no evidence that patients with 
renal tubular acidosis have a defective response 
to salt-retaining steroids which might result in a 
diminished exchange and excretion of hydrogen 
ion. Hydrogen ion transport against a gradient 
or hydrogen ion production appears to be at 
fault, and the latter is closely conditioned by the 
enzyme carbonic anhydrase. The evidence 
presented in this paper does not rule in deficient 
activity of carbonic anhydrase as a factor in the 
pathogenesis of renal tubular acidosis, nor does 
it rule it out. Perhaps another investigative 
approach can be designed to elucidate the role 
of this enzyme in these patients. It is possible that 
other disturbances are involved in the metabolic 
processes that supply the energy for the active 
tubular transport of hydrogen. The problem 
warrants further study. 


SUMMARY 


A single test dose of the carbonic anhydrase 
inhibitor, acetazolamide, was given to ten 
normal non-acidotic subjects, two normal sub- 
jects made acidotic with ammonium chloride, 
four patients with renal tubular acidosis, and 
four patients with generalized renal disease. 
Changes relative to the control level were 
measured in the renal excretion of bicarbonate 
and of total hydrogen ion during the second 
and third hour after the administration of the 
drug, and the changes in the tubular reabsorp- 
tion of bicarbonate were calculated. 

Changes in the rate of excretion of bicarbonate 
and in the tubular reabsorption of bicarbonate 
per unit of glomerular filtrate were diminished 
relative to the non-acidotic normal subjects in 
most of the patients with both types of renal 
disease; there was no difference relative to the 
normal subjects made acidotic with ammonium 
chloride. 
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‘The change in rate of excretion of bicarbonate 
following enzyme inhibition varied with the 
filtered load of bicarbonate, and to the same 
extent in all groups; the same was true with 
respect to the relation of the serum bicarbonate 
concentration to the amount of bicarbonate 
reabsorbed per unit of glomerular filtrate. 

It is concluded that these observations are 
consistent with, but neither rule in nor rule out, 
deficient activity of carbonic anhydrase as one 
factor in the tubular impairment of proton dona- 
tion in renal tubular acidosis. 
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APPENDIX 


The following brief summaries of patients with 
generalized renal disease are presented: 

Case J. G., a fifty-seven year old Negro man, 
was admitted twice to the Hospital of the University of 
Pennsylvania. On the first admission in 1950, at forty- 
eight years of age, for hyperthyroidism and subtotal 
thyroidectomy, a diagnosis of subacute glomerulone- 
phritis was made on the basis of elevated sedimenta- 
tion rate, albuminuria, and red cells and granular 
casts in the urinary sediment. At that time phenolsul- 
fonphthalein excretion was 60 per cent in thirty min- 


utes and 80 per cent in two hours; blood urea nitrogen © 


serum creatinine and blood pressure (130/70 mm. Hg) 
were normal. ‘The second admission to the Hospital of 
the University of Pennsylvania in 1958 was for exer- 
tional dyspnea, palpitation, edema of the ankles, 
nocturia and polyuria. The blood pressure was 190/80 
mm. Hg, grade 2 sclerotic changes in the fundi, pul- 
monary basilar rales, cardiac enlargement and edema 
below the tibia were found. Laboratory studies re- 
vealed the following: hemoglobin 7.5 gm. per cent; 
blood urea nitrogen 32, creatinine 3.8, calcium 7.7, 
PO, 5.8 mg. per cent; carbon dioxide 22.5 mM/L.; 
sodium 141, potassium 3.7, chloride 114 mEgq./L. 
Urinary sediment showed albumin, red cells and 
granular casts. Phenolsulfonphthalein excretion was 
4 per cent in fifteen minutes, 25 per cent in two hours. 
Intravenous urogram showed no excretion of dye until 
three hours after injection, but kidney shadows were 
normal in size. Diagnosis, despite the hyperchloremia 
and mild azotemia, was chronic glomerulonephritis. 


Case. J. D., a forty-four year old Negro man, was 
admitted to the Hospital of the University of Pennsyl- 
vania in 1959 for a left inguinal herniorrhaphy. He 
was found to have hypertension (190/130 mm. Hg), 
grade 2 arteriosclerotic and hypertensive changes in 
the fundi, and cardiac enlargement. Laboratory 
studies showed the following: hemoglobin 15.1 gm. 
per cent; blood urea nitrogen 24, serum creatinine 
2.1 mg. per cent; carbon dioxide 25.4 mM/L.; sodium 
140; potassium 4.8; chloride 103 mEq./L. Urinalysis 


showed albumin, a specific gravity of 1.021, and 


hyaline casts. Phenolsulfonphthalein excretion was 
5 per cent in fifteen minutes and 45 per cent in two 
hours. Intravenous urogram showed blunting of the 
calyces bilaterally but normal excretion of dye. Urine 
culture was positive for alpha streptococcus and 
hemolytic Staphyloccus albus. Diagnosis was essential 


hypertension with nephrosclerosis and_ chronic 
pyelonephritis. 
Case mi. H.S., a thirty-two year old Negro man, 


was admitted in 1955 to the Hospital of the University 
of Pennsylvania for headache, dyspnea, and edema of 
face and feet of five days’ duration. There was a 
history of chronic otitis media and intermittent pain in 
the left flank for several years. The blood pressure was 
140/90 mm. Hg. There was periorbital and sacral 
edema. Laboratory studies showed the following: 
hemoglobin 13.1 gm. per cent; corrected sedimentation 
rate 39 mm. per hour; blood urea nitrogen 39, 
creatinine 2, calcium 8.4, PO, 4.4 mg. per cent; 
sodium 140, chloride 108, potassium 5.4 mEq., 
L.; carbon dioxide 24.5 mM/L.; albumin 1.1, 
globulin 3.1 gm. per cent. Urinalysis showed 4 plus 
albuminuria, red cells, many fine and cellular 
granular casts. Intravenous urogram revealed no 
abnormalities. ‘The diagnosis was acute exacerbation 
of chronic glomerulonephritis. 


CasErv. D.B.,a fifty-four year old Negro man, was 
admitted to the Hospital of the University of Pennsy]- 
vania in 1959 with acute symptoms of myocardial 
infarction. Pertinent findings relative to the kidney 
were a history of nocturia for many years and 
occasional bilateral pain in the flank for three months’ 
duration, a markedly enlarged heart, hypertension 
(144/105 mm. Hg), albuminuria (4 plus and occa- 
sional granular casts), and the following laboratory 
findings: blood urea nitrogen 28, creatinine 1.9, 
calcium 9.5, PO, 3.2 mg. per cent; hemoglobin 
11.6 gm. per cent, carbon dioxide 27.4 mM/L., 
sodium 130, chloride 101, potassium 5.9 mEq./L. 
Phenolsulfonphthalein excretion 10 per cent in one 
hour and 25 per cent in two hours. Renal diagnosis 
was nephrosclerosis. 
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The Renal Excretion of Hydrogen Ion 
in Renal Tubular Acidosis’ 


III. An Attempt to Detect Latent Cases in a Family; Comments on 
Nosology, Genetics and Etiology of the Primary Disease 


-E. J. Hurn, m.p., G. D. WeEBssTeErR, JR., M.p.f and J. R. ELKINTON m.D.f 
Philadelphia, Pennsylvania 


N the preceding papers [7—3] evidence has 
| been presented that more than one physio- 
logical mechanism may be involved in the 
pathogenesis of renal acidosis without progressive 
and destructive renal disease. Consideration of 
the etiology of these disturbances has posed the 
problem of whether or not we are dealing with 
one or more than one homogeneous disease state, 
i.e., the nosology of this type of renal acidosis 
which has been reported in such a wide variety 
of clinical circumstances. 

These clinical circumstances may be briefly 
recapitulated. In 1936 Butler, Wilson and 
Farber [4] first described an acidosis occurring in 
children with diffuse nephrocalcinosis. In 1945 
Baines, Barclay and Cooke [5] reported on an 
adult patient with this syndrome. In 1946 
Albright et al. [6] published their monograph on 
osteomalacia and late rickets; in this study a 
group of their patients with osteomalacia also 
had nephrocalcinosis and metabolic acidosis. 
“Their diagnostic label for this group was tubular 
insufficiency without glomerular insufficiency. ‘This 
rather cumbersome term has been replaced 
by the generally accepted one of renal tubular 
acidosis, as suggested by Pines and Mudge in 
1951 [7]. If one accepts the all-inclusive defini- 
tion of renal tubular acidosis as an impairment 
of the ability of the kidney to excrete acid out of 
proportion to the impairment of glomerular 
filtration, this particular renal dysfunction has 
since been found in various age groups and often 


in association with other specific abnormalities 
of renal tubular transport. The clinical occur- 
rences of renal tubular acidosis may be grouped 
as follows: (1) in infantile hyperchloremic 
acidosis in which, if therapy is adequate, re- 
covery usually occurs by the age of twenty-four 
months; (2) in older children and adults, usually 
with nephrocalcinosis and nephrolithiasis and 
with or without osteomalacia or rickets; (3) in 
children and adults with associated glycosuria 
and aminoaciduria (the de Toni-Fanconi syn- 
drome); (4) in infants and young children with 
concomitant cataracts and mental retardation 
(Lowe’s syndrome); (5) in a group of mis- 
cellaneous inborn errors of metabolism such as 
galactosemia, nephrogenic diabetes insipidus 
and Wilson’s disease; and (6) in a certain num- 
ber of patients with pyelonephritis. Considering 
the multiplicity of clinical settings or syndromes 
in which this type of renal acidosis is found, it is 
not surprising that there is some question as to 
the identity of the defect as a disease process, let 
alone its etiology. 

Our approach to this problem, in the study of 
our patients and in an analysis of the cases re- 
ported in the literature, has been to exclude 
those cases with the multiple defects in tubular 
reabsorption of glucose and aminoacids (de Toni- 
Fanconi), those with mental retardation (Lowe), 
those with other primary inborn metabolic de- 
fects, and those with generalized renal damage 
due to chronic pyelonephritis. But even after the 
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exclusion of these four groups of patients, the 
homogeneity of the first two groups of infant and 
adult renal tubular acidosis is not clear. Herein- 
after, the disease in these two groups will be 
referred to as primary renal tubular acidosis. 

The reported occurrence in twelve families of 
overt primary renal tubular acidosis in more 
than one sibling, or of nephrocalcinosis, nephro- 
lithiasis or osteomalacia in one or more relatives, 
clearly suggests that a genetic factor is involved 
in the cause of this syndrome. If so, some rela- 
tives may harbor a latent or subclinical defect in 
renal acid excretion. As in certain other genetic 
metabolic diseases, such as phenylketonuria and 
galactosemia, detection of such a latent impair- 
ment by a provocative test or physiological 
challenge would be necessary for adequate study 
of the genetics, and of the nosology, of the 
syndrome. 

In this paper we present a report of an attempt 
to detect subclinical impairment of renal acid 
excretion in relatives of a typical patient with 
adult primary renal tubular acidosis. From the 
data of this family and from a survey of the 
clinical patterns in previously reported cases we 
conclude that the syndrome consists of two sepa- 
rate disease entities, as presented in the first two 
groups, and that genetic factors are of prime 
importance in the etiology of at least one of these 
entities. 


RESULTS OF A FAMILY STUDY 


Experimental Material. ‘Ten close relatives of our 
patient (M. C.), a woman with renal tubular acidosis, 
were studied. The detailed case history of M.C. and 
the studies which supported the diagnosis of renal 
tubular acidosis in this patient appear in the first 
paper of our series [2]. The main clinical features of 
the case may be recapitulated. M. C., a forty-one year 
old white housewife, had a twenty-five year history of 
nephrolithiasis, roentgenographic evidence of exten- 
sive bilateral nephrocalcinosis in kidneys of normal 
size (Fig. 1), and the chemical findings of metabolic 
acidosis without azotemia in the presence of a rela- 
tively alkaline urine. In addition the patient showed 
an abnormally low hydrogen ion “‘clearance”’ index 
on a test load of ammonium chloride [2] and a 
quantitatively low response to tle administration of 
carbonic anhydrase inhibitor, acetazolamide, while 
on adequate alkali therapy [3]. 

A genetic factor in the etiology of renal tubular 
acidosis in this patient is suspected on the following 
grounds. The patient’s father (J. T.) was found to 
have a large staghorn calculus, parenchymal calcifica- 
tion and hydronephrosis in one kidney. One of the 
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Fic. 1. Nephrocalcinosis in patient (M. C.) with renal 
tubular acidosis. Roentgenograms taken two and a half 
years apart (A, March 1957, B, October 1959) show 
diminution in calcification after intensive alkali therapy. 


patient’s three brothers and three of her five children 
showed serum levels of carbon dioxide below the nor- 
mal range on one or more occasions, although none of 
the children, and neither of the two brothers with 
normal carbon dioxide levels, had clinical symptoms 
or roentgenographic evidence of nephrolithiasis or 
nephrocalcinosis. The brother with the low serum 
carbon dioxide (W. T.) has not admitted to symptoms 
and has refused to permit roentgenographic examina- 
tion of his abdomen and kidneys or any further 
physiological studies. 

To test the two brothers (who cooperated in this 
study) and the three mildly acidotic children for sub- 
clinical impairment of renal ability to excrete acid, 
ammonium chloride was given for three days, and the 
renal response assessed by calculation of the hydrogen 
ion “clearance” index as described in a preceding 
paper [2]. Some of these relatives also were tested for 
their quantitative response to the administration of 
acetazolamide [3]. The family relationships are shown 
in Figure 2. There is no family history of consanguinity. 

Blood Studies. ‘The blood data are presented in 
Table 1. Venous serum carbon dioxide content was 
depressed at least once below a minimum normal 
value of 22.5 mM/L. in one brother (W. T.) and in 
the three youngest children (J. C., L. C., T. C.). The 
biochemical diagnosis of a mild compensated meta- 
bolic acidosis was confirmed in two children (L. C. 
and T. C.) by analysis of arterialized cutaneous blood 
for pH and carbon dioxide, and calculated buffer base 
concentration; pH values lay just below the normal 
range and the buffer base concentrations were below 
the minimum normal value of 45 mEq./L. 


& 
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Fic. 2. Family tree of patient (M. C.) with renal tubular acidosis. Symbols indicating clinical, roentgenographic and 
chemical findings are as defined in Figure 4. Carbon dioxide values are the concentrations in venous serum, “H.C.I.” 
refers to the hydrogen ion “‘clearance’’ index as described in the second paper in our series [2]; the minimal normal 
value being 1.4. Values for carbon dioxide and H.C.I. that revealed abnormalities are underlined. The father of the 
proposita had staghorn calculi and calcium deposits in one kidney, one brother and three children exhibited low serum 
levels of carbon dioxide, and two of these children responded abnormally to a test load of ammonium chloride, as 


shown by the H.C.I. 


Ammonium Chloride Loading Test. ‘The father of the 
patient, her two non-acidotic brothers and her three 
mildly acidotic children were tested for their ability to 
excrete acid. As shown in Table 1, the ingestion of 
ammonium chloride for three days led to a fall in 
serum carbon dioxide content and to urinary acidifica 
tion. When the absolute rate of total acid excretion on 
the third day was related to the reciprocal of the serum 
carbon dioxide level by the hydrogen ion “clearance”’ 
index (H.C.I), this index was abnormally low in two of 
the three acidotic children (L. C. and T. C.).* In 
addition, the analogous indices for titratable acid and 
ammonium ion excretion show that these two young- 
est children and their grandfather (with the staghorn 
calculus): had low indices for titratable acid; in the 
erandfather, however, the excretion of ammonium 
was sufficiently high to lead to a normal total hydro- 


* Dr. Lewis A. Barness very kindly observed these two 
children on the Pediatric Ward of the Hospital of the 
University of Pennsylvania, where the ammonium 
chloride studies were conducted. The children were found 
to be healthy and to have a normal growth for their ages. 


gen excretion despite the low “clearance”’ of titrata- 
ble acid. It is clear, however, that the two children did 
excrete urines with pH values, when tested with 
ammonium chloride, appreciably below that usually 
seen in patients with primary renal tubular acidosis. 

Acetazolamide Test. ‘The patient’s two youngest 
children (L. C. and T. C.) who exhibited mild 
acidosis and a low hydrogen ion “‘clearance”’ index, 
were given a standard dose of the carbonic anhydrase - 
inhibitor, acetazolamide. During the second and 
third hour after administration the change in bi- 
carbonate excretion was plus 79 and plus 271 
uEq./minute/1.72 respectively, in the two 
children. The first value for one child (L. C.) was 
smaller than the minimal values for non-acidotic 
normal subjects, as presented in the preceding paper 
[3]. 

Interpretation of this Family Study. ‘These findings 
suggest, but do not prove, that a genetic factor is in- 
volved in the etiology of renal tubular acidosis in this 
patient (M. C.). The evidence for subclinical impair- 
ment of the ability of the kidney to excrete acid in 


AMERICAN JOURNAL OF MEDICINE 


Jo.C., 48 
| 
| 
| 
: 
i 


589 


Huth et al. 


Hydrogen Ion Excretion in Renal Tubular Acidosis. II] 


ayep ay} UO Zutpua sunoy Jod ul Ppassesdxo UTIL) § 

‘pozeorpul oy} JO pus oy} UMBIP SISA[BUB IO} Jo 
‘ABp = 4 


| | | | OSt | OST | 8E'2 | | C22 | 
| | | 09/02/1 

| | | 2st [ope | 8¢/¢2/F| 89°0 ‘OO 
£°0 coz | 9°6 Lit | 08S | Ose | 96 | | | 801 
908 | | $8 | 889 | | OST | | 801 1°02 0 89/22/1| ‘86 ‘FFI 
| | | ones 9°92 0 09/02/1 
| | O'Sh | | 8°OF 0 FELT 
| | b 9¢/61/6| 9 
eee ee eee eee ees eee g/ LOI 0 
STI OFOT | | 609 | OIF | OST | 6 TF 601 02/21, ‘FST 
| | | FOI 
| | | | | 99/61/6} “TW 
| | | 18 *(W08) 
L°0 001 88 149 | SI'S | O'S | OST | O82) | OI 02/21 
or 9°% SH Ig tL 90'S | 00°T COI 
6661 £63 Lb | OFS | 901 0 6S/FI/1] ‘BLT 
1] 08 GLU Let 66 OP | | | | PII £91 13/11 
sod * yur) 3 (‘J | (‘ry 10d d 40d 
An AN |} AN lagng | uoque) | | wntuommy | 
~ jo asoq 


NOI NHOOUGAH ANV ACIAOTHO WNAINOWNYV 


I 


(‘0 ‘W) LNAILVd dO NI SADIGNI ,.AONVUVATO,, 
NOLLVULSININGY AHL ONINNG GNV ANTYN GNV GOOTH JO SASATVNV 


x 


590 Hydrogen Ion Excretion in Renal Tubular Acidosis. [1I—Huth et al. 

Females 

Sex distribution Mi moies 

in per cent 
Year: 2-11 16—60 
32 TI 71 
of 
cases 


Age 


35 45 55 


20 30 40 50 60 


— years 


Fic. 3. Age and sex distribution of 162 cases in the literature of primary renal tubular acidosis. In the 
first year of life the highest incidence of onset of the syndrome occur and the patients are predomi- 
nantly male; after the first year of life the majority of patients are female. 


some of her relatives consists of: (1) low venous serum 
total carbon dioxide levels and arterial buffer base 
concentrations in one brother and three of her chil- 
dren; and (2) low hydrogen ion “‘clearance” indices 
on acid loading in two of these children. The unilateral 
staghorn renal calculus in her father and the renal 
response to the administration of a test dose of 
acetazolamide in the two children are inconclusive 
evidence. Even the low hydrogen ion ‘“‘clearance”’ 
indices in the two youngest children must be regarded 
with some reservation since large correction factors 
were applied for their small body size and the results 
judged by adult standards. Conclusive evidence of 
familial defect awaits further examination of the third 
mildly acidotic brother (who did not cooperate in 
this study) and, especially, the development of the 
younger children. ‘The onset of nephrocalcinosis, as 
well as more severe acidosis, would be definitive proof 
that may take a decade or more to appear. Continued 
observation of this family is in order to be sure of the 
diagnosis and to evaluate the need for preventive 
therapy. 


COMMENTS 


Nosology. Before the data from this family 
can be interpreted against the background of the 
previously reported cases, the background itself 
must be examined. Does the syndrome of renal 
tubular acidosis represent one disease, excluding 


the related disorders mentioned (see Introduc- 
tion) or several? If it represents several diseases, 
how can the entities be separated? To examine 
this background we have reviewed 162 cases of 
the syndrome, patients with primary renal 
tubular acidosis uncomplicated by other tubular 
defects (as in the Fanconi syndrome), reported 
from 1936 to date.* The evidence from this re- 
view suggests that there are at least two disease 
entities which may be distinguished from each 
other on the basis of age of onset, sex distribu- 
tion, incidence of recovery, and family pattern. 

If the age distribution of the syndrome is 
plotted, using the age at which symptoms first 
appeared, (Fig. 3), a very large group appears in 
the first year of life; this group is composed of 
two-thirds males and one-third females. A 
smaller group appears between one and ten 
years of age, made up of about 70 per cent 
females and 30 per cent males. After a gap in the 
puberal years, there are additional patients who 
are affected after the age of sixteen and again 
this older age group contains predominantly 
females in a similar ratio. 


* The detailed results of this survey and the complete 
bibliography will appear in a review to be published 
elsewhere [8]. 
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Rendie-Short (1953) 


CLIO Renal tubular acidosis 


@ 86 6 ? Renal tub. acidosis 
bed 


a (e) Nephrolithiasis 
Nephrocaicinosis 
SY Osteomalacia or rickets 


[2 Neg. for nephrocaicinosis ; 


Engel (1951) 


Mozziconacci et al (1958) 
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12 3 3 
uremia tb. { 3mo.) 
meningitis 


Cooke and Kieeman (1950) 


-4 
‘ 
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ae Normal by history ond 
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a Normal by history, no 4 mo 
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Status unknown 


Fic. 4. Infantile primary renal tubular acidosis: families in which manifestations appeared 
in more than one member, as reported in the literature. Symbols indicating clinical, roent- 
genographic and chemical findings are defined on the left; squares indicate males, circles 
females, and diamonds sex unknown. Age of first observation is given in years or months, 
apparent age of onset is in parentheses. In each of these families there were two siblings 
with definite or suspected renal tubular acidosis [9-72]. 


In follow-up studies of patients first involved 
in the first year of life, a majority recovered 
clinically and no more alkali therapy was 
needed. (Table 1.) In some of the patients from 
this group the syndrome might conceivably re- 
appear later in life, but of all the patients with 
this syndrome who first received medical atten- 
tion after two years of age, only four had symp- 
toms before the age of one. Of the patients first 
appearing in the one to ten years of age group, 
only three recovered and these three were all 
first affected between the ages of thirteen to 
eighteen months. None of the patients first 
showing symptoms after one and a half years 
of age have been reported to show complete 
recovery. There may be some overlap between 
the two groups across the arbitrary dividing line 
of age of onset before and after one year. 

In addition to these features of the syndrome 
which suggest that the patients may be segre- 
gated into an infantile and a late group on the 
basis of age of onset, sex distribution, and re- 
covery, there is a distinct difference between the 
two groups in the family histories. For most of 
the patients with manifestations in the first year 
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of life there is no evidence of involvement of 
siblings or parents. However, in four patients 
from this age group, proved or probable involve- 
ment of siblings was found in the families re- 
ported by Cooke and Kleeman [9], Engel 
(Cases 1 and 2 [70]), Rendle-Short (identical 


TABLE I 
INCIDENCE OF RECOVERY IN PATIENTS WITH PRIMARY 
RENAL TUBULAR ACIDOSIS 


| Not 
Age at Onset of | Died mae Recov- | No. of 
Manifestations (%) ered* Patients T 
(%) 
1-12 mo. 14 69 17 83 
1-10 yr 20 20 60 15 
16-60 yr. 0 0 100 13 


* Recovery defined as clinical well being without 
alkali therapy. Clinical observations on patients of the 
one to twelve month group have not exceeded a period of 
thirty-two months. For most patients who have not re- 
covered, this period was less than one year. 

1 Includes only patients for whom our estimate of re- 
covery can be made from the data reported. 
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TABLE Il 
SIBSHIP INCIDENCE OF INFANTILE PRIMARY RENAL 
TUBULAR ACIDOSIS 


| Number of | Total Number | Affected 
Data Sibships | of Sibs Sibs * 
| | 
All sibships | 19 | 49 23 (47% 
Sibships 4 or | 
larger | 5 24 7 (29%) 


Notre: Number of sibships with sex of all sibs identi- 
fied is too small for analysis of sex ratio. 
* Percentage of involvement is in parentheses. 


twins) [77], and Mozziconacci et al. [72]. (Fig. 
4.) But in none of these families was there evi- 
dence of involvement of the parents. The young- 
est patient with evidence of the syndrome in a 
parent was the girl described by Foss et al. 
(Case 3 [73]), who first showed presumed 
manifestations at one and a half years of age; her 
father had renal stones and a “‘low carbon 
dioxide value’? in plasma. Therefore, if the 
syndrome in patients appearing with symptoms 
in the first year has any genetic basis at all, it 
would be that of a recessive gene. An analysis of 
the incidence of the infantile form of the dis- 
ease in sibships recorded in the literature 
(Table m1) shows that 23 sibs of 49 in 19 sibships 
were affected, or 47 per cent, clearly higher than 
that of 25 per cent expected from a recessive gene. 
But in four of these sibships there was only one 
sib; and in nine, only two. In five sibships with 
four or more sibs, * the incidence of affected per- 
sons was seven of 24, or 29 per cent. This 
incidence is clearly compatible with that 
attributed to a recessive gene. Further data in 
favor of a recessive gene are two marriages of 
first cousins in the case reports of Rendle-Short 
'77\ and of Jurow and Worthen [74], a minimum 
of 2.6 per cent in eighty-five families (history 
bearing on consanguinity was not given in all 
case reports). In contrast, the genetic data from 
patients appearing after the first year, to be dis- 
cussed subsequently, suggest that in the older 
patients the syndrome may represent a disease 
due to a dominant gene with varying ‘“‘pene- 
trance’ and “‘expressivity.”’ 

These aspects of the syndrome suggest that the 


* The lowest incidence that could be described in sib- 
ships of one or two sibs taken from case reports of affected 
persons would be 50 per cent. Hence to expect to find 
evidence for a recessive gene in this analysis, one must use 
only larger sibships. 


patients may be divided into two groups. The 
first group of patients, whom we label infantile 
primary renal tubular acidosis, shows manifesta- 
tions in the first year of life, contains two- 
thirds males* exhibits an apparently high 
recovery rate, and manifests very little obvious 
familial involvement (in only a very few 
instances, siblings are affected and parents are 
not aftected at all). The principal etiology of 
this group may well lie in a delay in maturation 
of renal function due to a recessive gene or some 
non-genetic cause. The second group of patients, 
whom we label late primary renal tubular 
acidosis, first show manifestations after the first 
year of life; two-thirds of this group are females; 
the group has a low rate of recovery, and in the 
families of this group of patients in more than 
one generation some manifestations of the 
syndrome are shown. The rest of the discussion 
will proceed to further analysis of the available 
family data for the late groun and to consider 
possible biochemical disturbances which may 
produce the disease. 

Genetics. Family data, positive or negative, 
have been reported for twenty-one patients with 
late primary renal tubular acidosis, including 
the C. family reported on herein. In some of the 
reports the data on members other than the 
propositus are limited to a history of no involve- 
ment with the syndrome or with possibly re- 
lated disorders, but at least the members are 
identified as to relation to the propositus. In 
thirteen of these families there was no evidence 
of involvement among two to eight siblings or 
in the parents. However, in some of these 
families the negative evidence is limited by the 
fact that there is no history of an appropriate 
disorder, nephrocalcinosis was not excluded by 
roentgenographic examination, and metabolic 
acidosis was not excluded by chemical studies. 

A group of eight families remains (see Figures 
2 and 5; C. family and families reported on by 
other investigators [5,73,75—-78]) in which the 
propositus first had symptoms of the disease after 
the age of one year and at least one blood rela- 
tive had metabolic acidosis, nephrocalcinosis or 
nephrolithiasis, or some combination of these 
findings. Despite the fact that some or all of 
these manifestations have not been confirmed or 


* The number of sibships with sex identification re- 
ported for the infantile group was too small to determine 
whether or not the high male to female ratio in reported 
cases was due to a preponderance of males in total 
sibships. 
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Fic. 5. Late primary renal tubular acidosis: families in which manifestations appeared in 
more than one member, as reported in the literature. Symbols are as defined in Figure 4. 
Involvement of more than one sibling, and of parents, is notable [5,73,75—78]. 


excluded in all relatives, at least one parent 
shows a manifestation in six families (C. family 
and five others [5,/3,7/5-77]|). In the family of 
Schreiner, Smith and Kyle [75], the father 
probably had hyperchloremic acidosis, in addi- 
tion to nephrolithiasis; the same interpretation 
is less certain in the family of Foss, Perry and 
Wood [73]. Two relatives, the father in the C. 
family and a brother in the family of Pitts, 
Schulte and Smith [7/6], have had calcium 
deposition as calcinosis or lithiasis with acidosis 
apparently excluded. In the other relatives with 
at least one manifestation, acidosis was not 
proven or excluded. Of the eight families, in two 
(C. family and family of Schreiner et al. [75]) 
there is evidence that a third generation may be 
involved. * 


* A personal communication from Dr. Russell E. 
Randall, Jr. indicates that a further study of the family 
originally reported by Pitts et.al. [76] has revealed overt 
renal tubular acidosis in two siblings, the father, an aunt 
and a daughter, and grandmother of the proposita. 
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An analysis of the incidence of affected persons 
in ten sibships (Table tv) shows that sixteen of 
thirty-nine sibs, or 41 per cent, have at least one 
manifestation of primary renal tubular acidosis. 
This incidence, as well as the incidence by sexes, 
is not significantly different from a 50 per cent 
incidence predicted for a dominant gene. It 
must be conceded that the apparent incidence 
in sibships may be excessively high due to a bias 
inherent in the reporting of full sibship composi- 
tion largely for patients in whom relatives were 
found to have some manifestation. Unfortu- 
nately, in most of the case reports, there is no 
evidence of investigation of siblings. 

With this evidence at hand a genetic hypothe- 
sis may be set up to account for the characteristics 
of the late group. A dominant gene will account 
for the appearance of the syndrome in at least 
two to three consecutive generations and for an 
incidence in sibships not significantly different 
from 50 per cent. Ihe gene will have fullest 
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‘TABLE IV 
INCIDENCE OF LATE PRIMARY RENAL TUBULAR ACIDOSIS 
IN TEN SIBSHIPS 


| | Sex 
' Number of | Affected | Affected | Distribution 
— Sibs Sibs ov | in Affected 
| 
| (%) 
Female 19 9 47 56 
Total 39 16 Al | 100 


Nore: Ratio of males to females in sibships is not 
significantly different from 1:1 (by Chi-square test). 
Observed incidence of total affected sibs and of affected 
male sibs is not significantly different from a theoretical 
50%. Sex ratio of affected persons in the entire late group 
(Fig. 3) is significantly different from that predicted 
by the observed distribution in sibships of known com- 
position shown in this table (p < 0.02). 


expressivity in females (relatively lower in 
males); which will account for the over-all 
preponderance of females in the entire late 
group, for a higher female incidence in the sib- 
ships analyzed (Table 1v), and for the ap- 
pearance of the syndrome without apparent 
acidosis in males* (the father of Mrs. C. and 
brother in family of Pitts, Schulte and Smith 
|/6|). The disease might restrict fertility of fe- 
males either biologically or socially and thus 
account for a preponderant involvement of 
fathers in the families reported. ‘The data availa- 
ble are clearly inadequate for a multigenic 
hypothesis. [t must be admitted that some spora- 
dic cases in the late group may be secondary toa 
primary pyelonephritis, but at the present time 
there is no certain way to be sure which cases 
these might be. 

So far, a comparable disease picture with a 
genetic basis has not been described, to our 
knowledge, in other animals, but the genetically 


determined differences in blood pH among two 


strains of inbred mice [79] may prove to be an 
exception. 

Pathogenesis. ‘Uhat the disease of late primary 
renal tubular acidosis is genetically determined 
in at least a portion of the cases seems probable. 


* It should be noted that the three patients reported 
on by Wrong and Davies [78] as having ‘incomplete 
renal tubular acidosis’? (overt acidosis prevented by an 
increased ammonium excretion despite a defective 
response of urinary titratable acid to an ammonium 
chloride load), were all males. 


That the disease should be due to an enzymatic 
defect so determined, seems very likely. After the 
metabolic effects of the administration of 
acetazolamide (metabolic acidosis, production 
of alkaline urine, induction of nephrocalcinosis 
[20|]) were demonstrated to be linked to the 
inhibition of carbonic anhydrase activity in the 
kidney, a deficiency of this enzyme in the kidneys 
of patients with renal tubular acidosis seemed to 
be a logical hypothesis to explain their chemical 
derangements. But so far, such a deficiency has 
not been proven in this group of patients; indeed 
Yaffe, Craig and Fellers [27] have found normal 
carbonic anhydrase activity in a renal biopsy 
specimen obtained from a four year old girl with 
the syndrome of primary renal tubular acidosis. 
When our patients were given acetazolamide [3] 
they immediately excreted a much more alkaline 
urine; but when their response was quantita- 
tively measured and found to be less than in 
normal subjects, the smaller response appeared 
to be due to lower concentrations of filtered 
serum bicarbonate and to be no less than that 
seen in normal persons made acidotic with the 
administration of ammonium chloride. Thus, 
although the findings in our study might be 
compatible with a carbonic anhydrase deficiency 
in late primary renal tubular acidosis, they do 
not prove it. 

Positive clues to other enzymatic defects in 
this disease are very few. Berliner, Kennedy 
and Hilton [22] and Harrison and Harrison [23] 
have induced a temporary syndrome of meta- 
bolic acidosis, excretion of alkaline urine, hyper- 
phosphaturia and hyperaminoaciduria in rats 
by injections of maleic acid, which is known to 
inhibit zm vitro enzymes containing sulfhydryl 
groups, notably succinic dehydrogenase in the 
Krebs cycle [24]; but this experimental syndrome 
resembles the Fanconi type and is unlike renal 
tubular acidosis in that multiple functional 
defects of the renal tubule are produced. Yaffe, 
Craig and Fellers have reported that activity of 
triphosphopyridine nucleotide diaphorase, linked 
to isocitric dehydrogenase in the tricarboxylic 
acid cycle, was deficient in the renal biopsy 
specimen obtained from their four year old pa- 
tient with renal tubular acidosis. Both of these 
experimental observations suggested that im- 
pairment of hydrogen secretion against a con- 
centration gradient might be due to defective 
energy supply from the Krebs cycle in the tubu- 
lar cell rather than to a specific defect in enzymes 
responsible for hydrogen ion secretion. 
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The appearance of nephrolithiasis and nephro- 
calcinosis in this disease has been attributed to 
the associated hypercalciuria [6]. However, 
defective renal production and urinary excre- 
tion of citrate in the presence of metabolic 
acidosis [20,25] and consequent loss of the 
calcium-chelating effect of citrate is an engaging 
alternative explanation. Indeed, the demonstra- 
tion that citrate excretion is greater in the 
presence of estrogenic hormones and less in 
the presence of androgenic hormones [26] sug- 
gests that females, perhaps adapted to or 
requiring normally a higher rate of citrate 
formation, may be more sensitive to the con- 
sequence of inhibition of citrate formation by 
acidosis, and may offer an explanation for the 
preponderance of female cases in the late group. 
Alternatively, it is possible that defective renal 
citrate formation is the underlying disorder in 
this disease and that acid formation may or may 
not be impaired as a consequence.* In favor of 
such a view is the finding in the C. family of a 
father with a staghorn calculus but without an 
impaired response to ammonium chloride test 
load and, in the family reported on by Pitts 
et al., the brother with nephrolithiasis but 
without apparent acidosis. However, at pres- 
ent, there is no direct evidence to show that 
defective citrate formation causes impairment 
of acid excretion. 

Despite the great probability that the group 
of patients whom we have labeled as late pri- 
mary renal tubular acidosis represents one dis- 
ease entity, there may be in this group patients 
in whom the syndrome has not developed from a 
genetic defect but who have acquired the syn- 
drome from other possible causes. Pyelonephritis 
undoubtedly may be secondary to renal tubular 
acidosis, especially with nephrocalcinosis and 
nephrolithiasis. Can it be a primary cause? 
Renal tubular acidosis is rare and pyelonephritis 
is common. Damage to the renal tubule second- 
ary to pyelonephritis was the cause ascribed by 
Albright and his colleagues [6] to the early cases 
which they reported in their monograph. The 
basis for this conclusion was the frequency of 
pyelonephritis in those patients. Data on the 
positivity or negativity of urine culture is 
available for thirty-three patients in the older 


* A patient reported by Bauld, MacDonald and Hill 
[27] excreted half the minimal normal amount of urinary 
citrate even while on alkali therapy, but the data are 
insufficient to decide what portion of her renal tissue was 
functioning. (See “Addendum.”’) 
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group, eleven males and twenty-two females. 
Positive cultures turned up in four of eleven 
males and twelve of twenty-two females, but we 
believe that as low an incidence as this suggests 
that pyelonephritis is not the etiologic factor for 
most of the late group; the infection, when pres- 
ent, could as well be a secondary manifestation 
of nephrolithiasis or potassium depletion. 

In Figure 3 the sex distribution of reported 
cases in the late group is seen to be 29 per cent 
males and 71 per cent females. The reported 
data are insufficient to decide whether or not 
this sex ratio is a consequence of a possible 
preponderance of female sibs in sibships of all 
reported cases. In the sibships, analyzed in Table 
Iv, the sex ratio of affected persons is 44 per cent 
males and 56 per cent females. The higher ratio 
in the entire group is significantly different, by 
the Chi-square test, from that found in the ten 
analyzed sibships and is in favor of higher 
expressivity of a dominant gene in females or of 
pyelonephritis (a disease with a much higher 
incidence in females in general) as an etiologic 
factor for sporadic female cases in the late group. 
Lathem [28] has reported on a small group of 
patients in whom renal hyperchloremic acidosis 
was evidently a sequel to pyelonephritis. ‘These 
patients are not included in the groups discussed 
herein because of the uncertain extent of gen- 
eralized nephron damage, the excretion of 
markedly acid urines, and the presence of 
hyperkalemia. 

Can hypercalcemia, hypercalciuria or nephro- 
calcinosis due to causes other than the defect 
in renal tubular acidosis selectively impair renal 
excretion of acid? In one of our patients (M. D., 
reported on separately [29]), renal tubular 
acidosis and nephrocalcinosis developed after 
the onset of hyperthyroidism. Since the hyper- 
thyroid state is known to lead to the mobilization 
of skeletal calcium [30], a high rate of excretion 
of calcium, and consequent tubular damage, 
might have been a factor in the development of 
tubular acidosis in this patient. Fourman, 
McConkey and Smith [37] have reported evi- 
dence of impaired acid excretion in primary. 
hyperparathyroidism; Thomas, Connor and 
Morgan [32] have pointed out that although 
hypercalcemia of various origins may be ac- 
companied by small rises in serum total carbon 
dioxide, the hypercalcemia of hyperparathy- 
roidism is more likely to be accompanied by 
small reductions in venous total carbon dioxide. 
Much remains to be learned of the interrelation- 
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ship between renal calcification and _ acid 
excretion. 

Potassium depletion may be a result of renal 
tubular acidosis; can it be a cause? The clinical 
observations of Relman and Schwartz [33] and 
the experimental work of Hollander, Oliver and 
colleagues [34,35| have shown that potassium 
depletion in the rat produces a characteristic 
morphologic lesion in the collecting ducts. 
These are tubular loci in which urinary acidifica- 
tion and water reabsorption take place [36,37], 
and defects in the two functions of water reab- 
sorption and acid secretion are often associated 
in renal tubular acidosis. However, although 
experimental potassium depletion appears to 
lead to some impairment of maximal lowering 
of urine pH [38], there has been no clear demon- 
stration that following recovery from depletion a 
permanent impairment of acid excretion re- 
mains. Perhaps the two siblings with renal 
tubular acidosis and nephrocalcinosis reported 
on by Cooke and Kleeman [9] acquired their 
tubular lesions as the result of congenitally 
determined pylorospasm, vomiting, alkalosis 
and potassium depletion. This sequence is 
rendered unlikely by the complete absence of 
nephrocalcinosis or acidosis in a group of fifty 
such children with pylorospasm in a follow-up 
study by Cooke and Lancaster [39]. 

Conclusion. Better clarification of the nosology 
of this syndrome will be reached in at least three 
ways. First, longer follow-up study of patients 
from the infantile group and their parents 1s 
needed. The apparently high recovery rate 
in this group may be spurious, due to excessively 
short periods of observation and _ insufhcient 
clinical criteria of recovery. None of the parents 
of infantile patients have been reported to show 
evidence of the syndrome, but as most of them 
were probably below thirty years of age when 
their affected children were seen, the syndrome 
could go on to develop in later years, as might 
be deduced from Figure 3. 

Second, in most of the studies of the syndrome, 
exclusion of the disease in siblings or other 
relatives has been based solely on negative 
histories; roentgenographic examinations for 
nephrocalcinosis and clinical studies of blood 
acid-base values and of renal responses to acid 
loads (ammonium chloride test) might have 
been obtained more often. We strongly urge that 
all investigators of patients with this syndrome 
make every effort to obtain the evidence, positive 
or negative, that bears on a genetic etiology. 


Manifestations in every member of the patient’s 
family should be sought for by every means: 
clinical, radiological, physiological and _ bio- 
chemical. The number and sex of the total 
sibship should always be noted. Only when a 
great deal more data are obtained and analyzed 
will the genetic pattern and its etiological role be 
clarified. 

Third, and most important of the needed 
information, is identification of the underlying 
biochemical defect or defects in this disorder, 
probably enzymatic ones. Only then may it be 
possible to identify the disease or diseases 
unequivocally, and the clinician will no longer 
need to rely solely on the secondary manifesta- 
tions of metabolic acidosis, nephrocalcinosis and 
lithiasis, and metabolic bone disease, all highly 
variable expressions, for his diagnosis. 


SUMMARY 


We have presented herein a study of the 
family of one patient with primary renal 
tubular acidosis associated with nephrocalcinosis 
and nephrolithiasis. A genetic factor in the dis- 
ease in this patient is suggested by the following 
observations. The patient’s father had unilateral 
nephrocalcinosis, staghorn calculus and _ hy- 
dronephrosis; one brother and three children 
were found to have mild depression of the serum 
carbon dioxide level but no other clinical signs 
or symptoms. T'wo of these three children were 
found to show a low or borderline hydrogen ion 
‘““clearance”’ index when loaded with ammonium 
chloride. The study illustrates the possibility 
of detecting latent impairment of the ability 
of the kidney to excrete acid by use of a stand- 
ardized provocative test assessed by careful 
criteria. 

We have reviewed and analyzed 162 cases in 
the literature of primary renal tubular acidosis, 
excluding certain syndromes with multifactorial 
defects (e.g. the Fanconi syndrome, Lowe’s 
syndrome, and some secondary types). The 162 
cases appear to fall into at least two disease 
groups: (1) infantile primary renal tubular 
acidosis with appearance in the first year of life, 
a high rate of recovery, and a preponderance of 
males involved; and (2) late primary renal 
tubular acidosis appearing after the first year 
of life and through adult life, showing a low 
recovery rate and a preponderance of females 
involved. 

The disease in the infantile group may be due 
to a recessive gene or a delay in maturation of 
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renal function due to some other cause; in the 
late group, the disease may be due to an auto- 
somal dominant gene with fuller expressivity 
and penetrance in females. 

Although the underlying biochemical dis- 
order in the disease is not known, some incon- 
clusive data are cited to suggest that it may be in 
the Krebs citric acid cycle. 

Some patients in the late group may have 
acquired the syndrome from pyelonephritis or 
renal calcific damage of other origins, but the 
evidence on this question is scanty. 


Acknowledgment: We are grateful for the 
criticisms of our colleagues in the Chemical 
Section of the Department of Medicine of the 
University of Pennsylvania and especially for the 
advice on the genetic analysis from Dr. R. W. 
Winters. 

ADDENDUM 


In six patients with renal tubular acidosis, the 
urinary citrate, related to urine PH, was defi- 
nitely depressed as compared to that in five 
normal male subjects and was not returned to 
normal by alkali therapy given for periods of 
three to nine years (DEpMoNn, R. E. and Wronac, 
QO. Citrate excretion in renal tubular acidosis, 
in preparation). 
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Idiopathic Paroxysmal Myoglobinuria’ 


Report of Two Cases Occurring in Sisters 
Review of the Literature 


Munsey S. WuHEBY, M.D.T and HENRY S. MILLER, JR., M.D. 


Charlottesville, Virginia 


YOGLOBIN May appear in the urine as a 
| \ result of crush injuries [7], electric shock 
[2],§ beatings [3], burns [4], arterial thrombosis 
[5] and ingestion of alcohol with or without 
sedatives [6-8]. An epidemic form of myo- 
globinuria, Haff disease, which seems to be of 
infectious or toxic etiology, has been described 
outside the United States [9]. There are, in 
addition, cases of spontaneous myoglobinuria 
both associated [7,70—76] and not associated [4, 
17—34| with a classifiable type of muscular dis- 
ease. These cases present a rather typical clinical 
picture, variously called idiopathic paroxysmal 
myoglobinuria, acute recurrent rhabdomyolysis 
[4| and paroxysmal paralytic myoglobinuria. 
This syndrome resembles the condition, equine 
myoglobinuria, seen in work horses [39]. The 
cases to be described are of the idiopathic type 
and fall into the small group in which there is a 
familial occurrence [4,7,35,37]. 

Table 1 summarizes all relevant cases found in 
the literature. Those associated with known 
trauma have not been included except for the 
interesting case reported by deLangen [3]. 


CASE REPORTS 


Case. M. T. (U. V. H. 196289), a sixteen year 
old white unmarried girl, was born in the University 
of Virginia Hospital on November 9, 1943, following 
an uncomplicated pregnancy. She was noted to be a 
healthy infant. At the age of four she was seen in the 
Pediatric Clinic because of pain in the abdomen, 
shoulder and legs associated with vomiting. No ab- 
normal physical findings were noted and no labora- 
tory data were obtained. She was seen again in the 
clinic three years later at which time she was treated 
for pneumonitis; she was well otherwise. 

Her first admission to the hospital was to the 


§ Quoted in reference 4. 


surgical service at the age of nine for appendectomy. 
The complaints then were cramping, lower abdominal 
pain of forty-eight hours’ duration, anorexia, vomit- 
ing, fever and sore throat. It was stated that she was 
“unable to walk’’ but no further details were given. 
Physical examination revealed a temperature of 
103.4°F., pulse 120 per minute, respirations 24 per 
minute and blood pressure of 118/72 mm. Hg. She 
was found to have an exudative tonsillitis and moder- 
ately severe, generalized abdominal tenderness most 
marked in the right lower quadrant. No abnormalities 
were described on neurological examination. The 
urine was clear yellow and except for a specific 
gravity of 1.007 was normal. Hemoglobin was 13.5 gm. 
per cent and a white blood cell count was 15,600 per 
cu. mm. with 87 per cent granulocytes. The ap- 
pendectomy was uncomplicated and the pathology 
report was “early acute appendicitis.”’ The patient 
became afebrile on the day after surgery and was 
asymptomatic when discharged on the fifth hospital 
day. 

When next seen in the Pediatric Clinic on January 
27, 1957, at the age of thirteen, she had a one day 
history of pain in the neck, abdomen and extremities 
without associated weakness. The urine output had 
been scanty for two to three days but dark color was 
not noted. ‘The positive physical findings were spasm 
of neck muscles, diffuse abdominal tenderness, pain 
in thighs on raising legs straight, bilateral flank tender- 
ness and hypoactive deep tendon reflexes. The white 
blood cell count was 24,000 per cu. mm. and a urine 
specimen obtained by catheter contained 2-plus 
albumin and clumps of white blood cells. The 
diagnoses then were torticollis and acute pyelo- 
nephritis. After treatment with acetyl sulfisoxazole for 
ten days the urine cleared and the patient apparently 
recovered completely. 

Her next admission was to the Obstetrical Service 
in April 1958 at which time she gave birth to a healthy 
female infant. Except for a mild elevation of blood 
pressure antepartum, the pregnancy and delivery 
were uncomplicated. 


* From the Department of Medicine, The University of Virginia Hospital, Charlottesville, Virginia. 
? Present address: Walter Reed Army Institute of Research, Washington, D. C. 
{ Present address: Bowman Gray School of Medicine, Winston-Salem, North Carolina. 
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TABLE I 
REPORTED CASES OF IDIOPATHIC PAROXYSMAL MYOGLOBINURIA 


’ 
Author Clinical Data Muscle Biopsy Comment 
Paul [77]* 1923 : 42, F Acute episode of severe generalized mus- Oxy hemoglobin | Autopsy, waxy de- | Thought by others 
| cle pain associated with fever and dark | and methemo- | generation of mus- | to be dermatomyo- 
red urine; died 2 weeks later with bron- | globin (spectro- | cle | sitis [38] 
c hopneumonia scopic) | | 
1924 54, M Recurrent fever with muscle weakness Methemoglobin | Autopsy, “‘fish Atypical case 
_ and joint swelling associated with dark | (spectroscopic) | flesh’? appearance | thought by others 
| urine; death due to pneumonia and of muscle tissue;| to be dermatomyo- 
cellulitis degenerative, sitis [38] 
inflammatory and 
necrotic 

Debré et al. [79]* 1934 6, F Re current attack of generalized muscle | No ‘i 
spasm associated with fever and dark 
urine | 

Huber et al. [20]* 1938 4,M | Muscle pain, weakness and spasm of legs, | No No 
associated with dark urine and fever; 
single episode precipitated by walking; | 
c omplete recovery in one month | 

Millikan [27] 1939 Adult, M | Clinical niceaae siniinr » to euuine myo- | Spectroscopic No Rise in plasma K* 
globinuria; no further details during exercise 

By waters, Dible [22] 1943 24. M Since c hiidbood recurrent of No , seattered | Kidneys showed 
stiffness following exercise; in adoles- hyaline necrosis;| acute tubular ne- 
cence these were associated with ‘“‘black patchy fragmenta- | crosis with no evi- 
urine’; last such attack associated with tion and loss of! dence of glomerulo- . 
streptococcal pharyngitis, acute renal eosin straining nephritis 
failure and death | 

Buchanar, Steiner [23] 1951 4,M | At age 214 years transient weekuens opic Autopsy, waxy de- 

_ veloped of left extremities associated | generation, vacu- 
with ‘bloody urine’’; last episode fol- | olization and ne- 
lowed violent exercise and was char- | crosis 
acterized by progressive complete | | 
muscular paralysis including deglutition | | 
muscles; death occurred despite use of | | 
respirator 

Hormon [24]* 1954 64, M Single episode: of severe left calf think. Spectroscopic Autopsy, | 
muscular tenderness associated with | tive foci with loss | “distal tubular ne- 
dark urine; anuria and uremia reversed of striation and) phrosis”’ 
after 10 days; patient later died of cere- _ sarcolemmal pro- 
bral thrombosis | liferation — 

Spaet et al. [25] 1954 23, M Lifelong history of muscle cramping with | Spectrophoto- | Minimal non-spe- Bilirubin slightly 
exertion; cortisone administration fol- | metric | cific changes dur- | elevated 

| lowed by prescribed exercise produced a | ing attack 

| severe episode of muscle pain and myo- | 

| globinuria lasting 12 hours; the follow- | 

| ing day anuria developed and lasted 14 

| days requiring hemodialysis 

Fletcher, Prankerd [26] 1955 | 21, M Attack of produced by | Electrophoretic | 

| cold and exertion; no further clinical | 
| data | | 

Schaar [27] 1955 9, M _ Two days after respiratory infection and } Spectroscopic |Areas of degenera- | Increased creatine 

| strenuous work, an episode of fever, | tion | excretion during 

_ headache and meningeal signs associated | | attack; normal glu- 

| with dark urine; recovered over 214 | cose tolerance 

| week period; one subsequent attack of 
muscle stiffness 4 months later 

Berenbaum et al. [28] 1955 10, F Anais ndectomy for abdominal pain fol Spectrophoto- Waxy degeneration | Normal glucose tol- 

_ lowed by attack of muscle pain and ten- | metric _ and fragmentation | erance curve; renal 
derness with dark urine of 4 days’ dura- glycosuria 

| tion; history of muscle cramps and dark 

| urine at age 4 

Reiner et al. [29] 1956 | 46, M Since childhood, recurrent attacks of se- | No | Segmental, wide- Patient had hyper- 

Case |] | vere muscle weakness and pain, precipi- | spread muscle ne-| tension and _ old 
| tated by exercise; reported attack of  crosis cerebral vascular 
pain in thighs and reddish brown urine | accident 

_ was complicated by oliguria requiring 4 | 

| days of peritoneal lav age with recovery | 

Case 2 42, M Rane e age 19 five episodes No | | Sequmental, wide- | Flat glucose toler- 
| by loss of consciousness, muscle tightness, spread muscle ne- | ance curve 
weakness and dark urine; reported epi- | Crosis 
sode was complicated by anuria with | 
recovery 


Notre: See footnotes on page 603. 
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TABLE 1 (Continued) 
REPORTED CASES OF IDIOPATHIC PAROXYSMAL MYOGLOBINURIA 
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(yr.) 


Author 
| and Sex 


Clinical Data 


Myoglobin 


Demonstrated Muscle Biopsy 


8, F 


et al. 1956 
Case 2 


Case 3 


Pearson et al. 


(37) 1957 


Bers | 3 32] 1958 


Segar |33}] 1959 


Gillett [34] 1959 


Whisnant et al. [30,58}] 1959 24, F 


1959 


WRAH§ 49. M 


Javid et al. (60) 1959 


‘18, M 


Daugherty et 


[67] 1959 26, M 


Following tonsillectomy onset of munacte | 
pain and tenderness associated with dark | 
urine; unable to move for 2 days but re- 
covered except for residual foot drop; 
2 previous episodes both with asso- | 
ciated fever, 1 complicated by anuria of | 
7 days’ duration 


| Spectrophoto- | No 
metric 


Episode of muscular pain of increasing | 
severity followed by periorbital edema 
and dark urine; muscle weakness present 
for 2 weeks with complete recovery 


Onset, age 20, of frequent episodes of calf 
pain followi ing exercise; dark urine noted 
with more recent attacks: exercise pre- 
cipitated episode complicated by anuria 

for 13 days with recovery | 


Since age 20, several attacks of mild low | 
back pain associated with dark red urine 
and fever; 4 to 6 hours after induced | 
fever, muscle aching and myoglobinuria | 
occurred; episodes not precipitated by | 
exertion | 


| My urine for 3 dave: 


Frequent egionden of pain in dower | 


tremities following exertion; present | 
episode characterized by fever, chills 
and severe respiratory distress; muscles | 
were swollen, firm and tender; respirator 
used 18 days, severe oliguria and uremia | 
required intraperitoneal and artificial | 
kidney dialysis; complete recovery | 
Single epinods of severe, painful swollen 
tender muscles of upper extremities and | 
trunk associated with reddish brown) 
urine following forced calisthenics; the | 
forced exercise followed a 2 week rest | 
after daily weight lifting for 2 years; 
oliguria of 4 days’ duration noted; urine | 
dark for 1 week 


no previous episode or association with 
exertion; had mild fever but no demon- 
strable muscle weakness; potassium 
intoxication necessitated peritoneal 
dialysis; diuresed on 14th hospital! dav; | 
has had 1 recurrent red urine | 
One severe ‘attack chaencterioed by pain 
and tenderness of extremities and dark 
urine; oliguria for 6 weeks necessitating | 
4 dialyses on artificial kidney; gradual, | 
slow, recovery complicated by bilateral | 
foot drop; history suggestive of previous — 
attack but no ‘relationship with exertion | 


| Recurrent attacks of muscle pain, 
ness, and dark urine following exertion | 


A following exel- 
tion; muscle cramps, pain, weakness and | 
dark urine; recovery in 3 days 


_ Electrophoresis 


Spectroscopic 


Normal 
mission 


Spectrophoto- during. re- 


metric 


Spectrophoto- 
metric 


Normal een 
episodes 


Spectrophoto- 
metric 


Non-specific ally 
abnormal 


No 


and ultra- 
centrifuge 


Electrophoresis of | No 
urine and sreum 


48 
after onset 


| Spectrophoto- 
metric and elec- 
trophoresis of 
urine and serum 

| No: 
positive urine 


No 


Idiopathic Paroxysmal with Familial Occurrence 


Comment 


| Increased creatine, 
decreased creati- 
nine excretion dur- 
ing attack 


| Increased creatine, 

| decreased creati- 
nine excretion dur- 

| ing attack; elevated 

| 17-ketosteroid' ex- 
cretion 


| Patient ‘oan 
mellitus; after at- 
tack total ex- 
changeable K~ fell 
and Na® rose 


Elev ial creatine 
excretion following 
the attack 


mia and  hemo- 
globinuria in addi- 
tion; renal biopsy 
revealed acute 
tubular necrosis 


Hittmair 1925 43, F 


| 


9 


et 


36] 1949 | 


For 2 years, recurrent episodes of severe | 
muscle pain and weakness associated | 
with dark urine and related to exertion: 
complete recovery in 2 weeks after each 
_ episode 


| Fatal case with death due to pelienaty 
edema and renal insufficiency 


Oxyhemoglobin No 
and methemo- 
globin (spectro- 
scopically) 


| signific: ant 
but undescribed 
muscle changes 


troscopic 


Brother had similar 
attack 


| 
hydropic degenera- 
tion of proximal 
convoluted tubules: 
family history sug- 
gestive but no de- 
| tails given 
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TABLE 1 (Continued) 
REPORTED CASES OF IDIOPATHIC PAROXYSMAL MYOGLOBINURIA 


Author Qt.) | Clinical Data d Muscle Biopsy Comment 
Hed [7]f 1955 30, M Since age 14 recurrent episodes of muscle | Spectroscopic Minimal, non-spe- | Diabetic glucose tol- 
Case 1 aching and tenderness associated with cific, 2 weeks after | erance test; muscle 
dark urine after strenuous exertion; attack pain without myo- 
more likely to occur in presence of acute globinuria on low 
infection or when fasting; thyroidec- carbohydrate diet; 
tomy, age 25 for thyrotoxicosis see Hed Case 3 for 
family history 
Case 2 28, M Onset age 18 of frequent muscle pain and | Spectroscopic No Severe attack fol- 
weakness associated with dark urine fol- lowed 57 hour low 
lowing exercise; thyroidectomy age 24 carbohydrate diet; 
for non-toxic goiter see Hed Case 3 for 
family history 
Case 3 35, M Onset age 20, attack identical to Case 2; | Spectroscopic No abnormality 2 | Glucose tolerance 
isosthenuria for 6 weeks after attack at days after attack curve slightly sug- 
age 22 gestive of diabetes; 
attack followed 48 
hour low’ carbo- 
| hydrate diet and 
100 meter walk; 
increased creatine 
excretion durin 
attack and on low 
carbohydrate diet; 
Hed’s cases 1, 2 and 
3 are brothers in 
sibship of six; 2 
brothers and 1 sister . 
are normal, mother 
has diabetes 
Bowden et al. [4] 1956 4,M Lumbar pain, fever and dark urine asso- | Methemoglobin | Autopsy, severe Sister had muscle 
Case 1 ciated with shigella infection; had had | (spectroscopic) acute muscle dam- | pain and dark urine 
three similar previous episodes; 4 months age (Bowden Case 4) 
after reported episode he had muscle 
soreness and sudden death 
Case 4 4, F Onset at age 3 years of pain and weakness | Spectroscopic Autopsy, muscle Sister of Bowden’s 
of the legs associated with dark urine; changes as in patient (Case 1) 
sudden death at age 4 during a short Bowden Case 1 
episode 
Fitz {37] 1957 34, M Episode of generalized muscle tenderness| No No Probable case but 
and weakness preceded by 3 days of ma- data incomplete; 
laise, aching and rhinorrhea; urine was brother and _ sister 
bright red but later port urine in color, died with illnesses 
contained no red blood cells or porphy- with few features 
rins; treated with ACTH and vitamin suggestive of myo- 
Bie; had had similar attack of pain 15 globinuria; inade- 
| years previously ‘quate information 
for definite accept- 
| ance 
Current report Case 1 | 16, F | See text, Case 1 Spectrophoto- No Sister is patient in 
| metric and elec- Case 1 
| | trophoretic 
Current report Case 11 | 15, F | See text, Case 1 Electrophoretic | No Sister is patient in 
| : Case 1; see family 
| | history 
Associated with Classifiable Muscle Disease 
Mevyer-Betz [/0]* 1910 113, M Since age 7 recurrent episodes of muscular | Oxyhemoglobin, | No Pseudohypertrophic 
| _ weakness associated with dark urine;| methemoglobin muscular dys- 
_ atrophy of shoulder muscles and pseudo- | (spectroscopic) trophy 
| _ hypertrophy of calf muscles present 
Louw, Nielsen [77] 1944 10, M Since age 4 reported attacks of muscle | Spectroscopic No Pseudohypertrophic 
| | pain and difficulty in walking occa- muscular dystro- 
| sionally associated with “bloody urine”’; phy; 8 cases of pro- 
| muscles thick and tender; calf muscles gressive muscular 
| prominent dystrophy in fam- 
| | ily; creatinuria 
during attack 
Sherwin [72]* 1945 38, ™M | Recurrent muscle pain and dark urine for | No No Suggestive of muscu- 
4 to 5 years; muscular atrophy devel- lar dystrophy 
oped after the attacks 
Wissler [73]* 1948 | 6,M Single attack following exercise charac- Spectroscopic No Pseudohypertrophic 
terized by calf pain and dark urine; muscular dystro- 
| _ trunk and arm weakness followed; phy developed; 3 
_ residual rigidity of calf muscles maternal uncles 
| | had a form of mus- 
| cle wasting 
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TABLE 1 (Continued) 
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REPORTED CASES OF IDIOPATHIC PAROXYSMAL MYOGLOBINURIA 
Author Qr.) Clinical Data Muscle Biopsy Comment 
Kreutzer et al. [74] 1948 ** 39, M Since childhood, muscle pain, weakness | Spectrophoto- 'No Elevated serum 
and dark urine have followed mild exer- | metric creatiaine and 
tion; patient was studied during pre- creatine during at- 
cipitated attack; muscle wasting tack; diagnosed as 
muscu- 
ar dystrophy 
Acheson, McAlpine [75] 1953 | 30, M Since age 8 unable to run because of leg | No Occasional atrophic | Case of muscular 
stiffness; dark urine first noted at age 22 fiber, otherwise dystrophy; sister 
following skiing and has recurred fre- normal has pseudohyper- 
quently; changes of muscular dystrophy trophic muscular 
dystrophy; serum 
K* low before in- 
duced attack; 17- 
ketosteroids ele- 
vated 
Hed [7] 1955 Case 6 13, M Onset of muscle weakness at age 2; re- | Spectroscopic Slight degeneration | Pseudohypertrophic 
ported episode of calf aching and tender- with edema and{| muscular dys- 
ness with dark urine after strenuous inflammation trophy 
walking; pseudohypertrophy of calf 
muscles noted 
Hipp et al. [76] 1955 31, M Since age 21, difficulty with muscle relax- | Spectrophoto- None Symptoms of 
ation after sustained contractions; fol- | metric myotonia con- 
lowing electroshock therapy, generalized genita; reactive 
muscle soreness and swelling with dark depressive 
urine; an episode later precipitated by 
exercise 
Associated with Unusual Circumstances 
deLangen [3] 1946 37, M Following forced genuflexions and beat- | Spectroscopic None 
ing with a rifle butt, severe pain and 
paralysis of the thighs developed asso- 
ciated with dark urine; incomplete re- 
covery over 2 months 
Jasinski, Brutch [6]* 1952 43, M 21g day coma due to ingestion of wine | Spectroscopic “Fish flesh appear- 
and sedatives followed by severe pain ance”’ with necrosis 
and swelling in both legs associated with 
dark urine; serum non-protein nitrogen 
rose to 252 mg./100 cc.; able to walk 
after 1 month 
Elek, Anderson [38] 1953 41,F 3 days after a minor fall while drinking, | Spectrophoto- Evidence of pre-} Considered ischemic 
marked tenderness and swelling of the | metric vious muscle dis- | muscle damage by 
calf muscle developed; dark urine oc- ease without vas-| others 
curred in 24 hours cular occlusions 
Hed [7] 1955 Case 5 53, M An alcoholic had 4 episodes of aching and | Spectroscopic Extensive necrotic 
swelling in both calves; able to perform changes in mus- 
heavy work between attacks; last attack cles; lower 
associated with dark urine, hyper- nephron  nephro- 
kalemia and death in 24 hours sis; fatty liver 
Case 4 42, M Onset at age 31 of yearly recurrences at | Spectroscopic Minimal changes Normal glucose 
Christmas of muscular pain associated tolerance tests; 
with fever and dark brown urine; no transient urea 
relationship to exertion but always fol- retention 
lowing an alcoholic bout; able to do 
heavy work between attacks 
Fahlgren [8] 1957 Case 1 48, M Single episode of generalized muscle ach- | No Autopsy-foci of Hyperkalemia with 
ing with swelling of the right shoulder necrosis with frag- | uremia 
and arm after a drinking bout; anuria mentation; degen- 
for 9 days with death; alcoholic for erative changes in 
many years renal tubules 
Case 2 45,M Alcoholic, hospitalized for depression, | Spectroscopic Swelling and 


developed severe aching, tenderness and 
swelling in lower trunk and extremity 
muscles after an overdose of barbiturates; 
dark urine for 24 hours 


hyalinization with 
loss of structure 
and vacuolization 


* Quoted in [7]. 


Previously reported [49-57]. 
t These authors have seen two more cases since their recent report. In one, the patient died with acute renal failure despite hemodialysis [59]. 


§ Case to be reported. Included here through the courtesy of Department of Metabolism, Walter Reed Army Hospital. 


* Quoted in [77]. 
** See Addendum. 
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TABLE 
LABORATORY DATA, CASE |! 


Hospital Day 


| | 
| 
Urine output (ml./24 hr.) 400 , 2,565 | 4,435 | 3,300 
Blood urea (mg./100 cc.). 28 | 72 | 65 | a: 4 24 
Blood creatinine (mg./ | 
Potassium (mEq./L.). .. $9) 451-58 4.2 
Serum total bilirubin | 
(mg./100 cc.)........ 6.4) 82 
White blood cells (pe | 
cu.mm.,).............{ 32,000 | 56,000 | 21,000 | 9,000 | 12,000 
Differential % seg- | | | | 
mented forms ........ | 86 84 | | 68 
Hematocrit (vol. %).....| 49 | 44 | 28 32 | 40 
Reticulocyte count (%)..| 0.10n 9thday | 0.6] 1.2 | 
Bone marrow........... Myeloid hyperplasia, erythroid hypoplasia 


on 10th day 


Approximately one year later on March 14, 1959, 
she was seen in the Emergency Room of the University 
of Virginia Hospital with a history of malaise, myalgia 
and a low grade fever for two days. Shortly after a 
thirty minute walk out of doors, muscular pain and 
spasm developed, becoming most prominent in the 
lower extremities, chest and abdomen. She was found 
to have a temperature of 101°F., the tonsils were 
slightly enlarged, and there was diffuse tenderness and 
muscular spasm in the upper part of the abdomen. 
Physical examination and roentgenograms of the 
chest were within normal limits. Examination of the 
urine revealed it to be of port wine color; it gave a 
4-plus benzidine reaction, 4-plus albumin, and con- 
tained 3 to 4 red blood cells and numerous clumps of 
white blood cells per high power field. The diagnosis 
of an infection of the urinary tract was made and the 
patient was treated with acetyl sulfamethoxy- 
pyridazine. During the next eight hours muscular 
weakness progressed and breathing difficulty devel- 
oped to the extent that cyanosis was noted by the 
family. ‘he patient therefore returned to the hospital 
and was admitted to the Medical Service. 

Past history obtained from the mother, in addition 
to that already described, revealed that the patient 
had had muscular aches and pains following moderate 
exertion since eight and a half years of age. To her 
knowledge there had never been associated dark 
urine. All previous episodes had been relatively mild, 
occurred approximately two to three hours after 
exertion and persisted for thirty-six to forty-eight 
hours. 

Physical examination at this time revealed an alert 
white woman in acute respiratory distress with 
cyanosis. In addition to the findings recorded in the 
emergency room, there was respiratory difficulty and 
muscular weakness was noted in the trunk and lower 
extremities. The blood pressure was 140/90 mm. Hg, 
pulse 120 per minute and respirations 36 per minute. 


The respirations were gasping, with utilization of 
accessory respiratory muscles. Chest cage movement 
was minimal and the diaphragm descended only 2 cm. 
with each inspiration. An expiratory vital capacity 
was recorded at 400 cc. On auscultation, wheezes and 
rales were absent, but air exchange was poor. The pa- 
tient was unable to sit up without assistance, to stand 
or even to lift the extremities from the bed. The 
strength in the upper extremities was normal. Knee, 
ankle and abdominal reflexes were absent but the 
biceps and triceps reflexes were normal. No patho- 
logical reflexes were elicited and the sensory examina- 
tion was completely normal. No evidence of muscular 
atrophy was present. Pelvic examination revealed 
parous introitus, normal menstrual bleeding, and no 
findings suggestive of pregnancy. 

After admission the patient’s respiratory exchange 
became inadequate, requiring the use of a mechanical 
respirator which quickly corrected the cyanosis. Be- 
cause of her inability to void, she was catheterized and 
the urine was again port wine in color. The results of 
tests for albumin and benzidine reaction were 4 plus. 
Microscopic examination revealed only a few white 
cells and no red blood cells. Later studies (Figs. 1 and 
2) demonstrated the presence of myoglobin in the 
urine and established the diagnosis of idiopathic 
paroxysmal myoglobinuria. The plasma was clear at 
this time and remained so. 

After respiratory assistance was established, the pa- 
tient stated that she had taken turpentine eight hours 
prior to her visit to the emergency room, as she had 
done without harmful effect one year before in an 
attempted abortion. This was supposedly ingested 
during the walk taken prior to the development of her 
acute symptoms. This information caused. some 
diagnostic confusion until the nature of the abnormal 
urinary pigment was determined and further family 
and past history were obtained. Later the use of 
turpentine was repeatedly denied and this point 
remains uncertain. 

On the third hospital day a tracheotomy was re- 
quired because of the patient’s inability to handle 
respiratory secretions. At this time hypotension also 
developed but responded well to the intravenous 
administration of vasopressor drugs. Therapy with the 
latter was discontinued gradually after four days but 
respiratory assistance was necessary for fourteen days. 
The tracheotomy tube was removed on the twenty- 
second day. Muscular tenderness was insignificant 
after the third day and, even though weakness per- 
sisted for twenty-five days, muscle atrophy was never 
noted. ‘The patient was able to sit up in eighteen days 
and to walk about the ward by the twenty-second day. 
The color of the urine became normal in twenty-four 
hours although at this time microscopic hematuria 
developed. Oliguria was present for the first twenty- 
four hours, followed by an urinary output greater 
than 2,500 cc. per day. 

Pertinent laboratory data are shown in Table 1. 
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The course, although complicated by an infection 
of the urinary tract, was one of slow improvement 
after the fourth day. An anemia developed by the 
sixth day. This was characterized by normochromic 
microcytic indices, low reticulocyte count, normal 
serum bilirubin, low serum iron and increased latent 
iron-binding capacity. Several stool examinations 
for occult blood were negative. The hematocrit rose 
gradually over a two-week period with ferrous sulfate 
as the only therapy. With the exception of persistently 
low urinary specific gravity, the patient seemed to 
recover completely and was discharged on the thir- 
tieth hospital day. 

When seen in follow-up, six weeks after discharge, 
she was asymptomatic. [The urinalysis revealed a pH 
of 5.5, specific gravity of 1.002, no albumin or sugar, 
2 to 4 white cells, no red cells and an occasional 
granular cast. The blood urea nitrogen was 15 mg. 
per cent. 


CasEn. A. T. (U. V. H. 278803), the fifteen year 
old sister of M. ‘Tl. (Case 1), was first admitted to the 
Pediatric Service at the University of Virginia Hospi- 
tal because of an acute bronchitis when she was 
twenty-eight months old. She was considered to be 
otherwise normal at the time. At twelve years of age 
she was again admitted to the Pediatric Service with 
diffuse pain in the thighs and lower portion of the 
abdomen associated with anorexia and malaise. 
These symptoms had come on following strenuous 
exertion. The temperature was 99.4°r., blood pressure 
130/80 mm. Hg, pulse 112 per minute, respirations 
36 per minute. There was muscular soreness involving 
the neck, abdomen and calves, the patient being un- 
able to sit down unassisted. The initial white blood cell 
count was 22,000 per cu. mm. with 83 per cent poly- 
morphonuclear leukocytes, following which the count 
decreased to 13,500 per cu. mm. after five days. The 
initial urine specimen was dark brown in color and 
gave a 4-plus benzidine reaction. Studies for porphyria 
were negative. Only three to six red blood cells per 
high power field were noted. The serum was normal 
in color and the serum bilirubin normal. During the 
first week in the hospital, the urea rose to 114 mg. per 
cent, the creatinine to 3.5 mg. per cent with poor 
phenolsulfonphthalein excretion, but the serum 
potassium remained normal. After seven days the 
urine became normal in color, and evidence of renal 
impairment disappeared in fourteen days. In an 
unsatisfactory spectroscopic examination, the urinary 
pigment was thought to be hemoglobin. Cystoscopy 
and retrograde pyelography revealed no abnormali- 
ties. The patient was asymptomatic after four days 
and was discharged on the seventeenth hospital day. 

On subsequent clinic visits she was asymptomatic 
and repeated urine examinations showed a specific 
gravity varying from 1.014 to 1.020, with repeatedly 
negative benzidine reaction. However, her mother 
stated that the patient had complained of pain in the 
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extremities and muscles following exertion during this 
period. Four and a half months after discharge an 
episode of three days’ duration occurred, necessitating 
readmission to the Pediatric Service. This attack was 
unrelated to exertion and was characterized by severe 
muscle pain which inhibited movement of the extremi- 
ties, trunk and, to a lesser degree, the neck. The initial 
temperature was 99°F. but rose to 102°F. on the fol- 
lowing day and returned to normal in forty-eight 
hours. The blood pressure was 120/80 mm. Hg, 
respirations 26 per minute and pulse 122 per minute. 
The musculature of the extremities was tender, any 
movement produced pain. The spleen was palpable 
2 cm. below the left costal margin. The white cell 
count was 14,700 per cu. mm. with a predominance 
of polymorphonuclear leukocytes. The urine was dark 
reddish brown in color and gave a 4-plus benzidine 
reaction; after the second hospital day it was normal. 
Again the serum was normal in color and the serum 
bilirubin was normal. Urinary studies for porphyrins, 
bilirubin and urobilinogen were non-contributory. 
The serum urea and potassium determinations were 
normal, but the phenolsulfonphthalein excretion was 
again decreased. The diagnosis of idiopathic paroxys- 
mal myoglobinuria was suspected at this time but 
excretion of the abnormal urinary pigment had ceased 
before appropriate studies could be performed. After 
three days the patient was asymptomatic; she was 
discharged with instructions to avoid strenuous 
exertion. 

On follow-up after two weeks the patient was 
asymptomatic, but the urine was benzidine-positive. 
She did not return again until October 23, 1958, one 
year later, when admission to the Medical Service was 
necessary. One week before admission she had a mild 
infection of the upper respiratory tract and, the day 
prior to hospitalization, a sore throat, stiff neck, oc- 
cipital headache, fever and severe muscle aching 
which limited movement of the arms and thighs. The 
mother stated that the patient had complained of pain 
in the biceps and calf muscles after playing, but 
without associated dark urine. The temperature was 
103°F., blood pressure 120/80 mm. Hg, pulse 140 per 
minute, respirations 28 per minute. Bilateral tonsillar 
enlargement with exudate was present. Muscle pain 
on motion was noted in the extremities, neck and 
lower portion of the back, but there was minimal ten- 
derness to direct pressure. The liver and spleen were 
moderately enlarged and the patient was noted to be 
menstruating. A white blood cell count was 22,000 per 
cu. mm., again showing predominance of poly- 
morphonuclear leukocytes, with return to 8,000 per 
cu. mm. in three days. The hematocrit was normal, as 
had been noted on all previous admissions. The initial 
urine specimen obtained on admission was dark brown 
in color and contained innumerable red blood cells 
thought to be due to menstruation. On subsequent 
urinalyses, however, the hematuria persisted but the 
color of the urine became normal after twenty-four 
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Fic. 1. Case 1. Paper electrophoresis of the urine, AA hemoglobin and normal 
serum. The top half of the strip is stained with benzidine, the lower half with 
bromphenol blue. The urine shows a serum protein pattern with the myoglobin 
spot between beta and gamma globulin. Methemalbumin is seen as the benzidine- 
positive spot in the albumin fraction of the urine. | 


hours. The initial urine specimen was inadvertently 
discarded, and urine obtained on the fifth hospital day 
contained no abnormal pigment.* Results of a blood 
urea and phenolsulfonphthalein excretion test were 
normal. The fever subsided and all symptoms com- 
pletely disappeared after the second hospital day. 

The patient has been seen on one occasion in 
January 1959, two and a half months after discharge, 
for another reason and was asymptomatic. In June 
1959, the patient’s mother reported that the muscular 
pain following exertion has continued. 

These patients (Cases 1 and 11) are two of six siblings, 
all female. (Table mr.) No history of symptoms suggest- 
ing myoglobinuria or other disease is present in the 
family line including parents, grandparents and great- 
grandparents. The only familial disease noted is 
epilepsy, which is present in both families. There is no 
history of consanguinity. 


METHODS OF STUDY 


The urine which was tested was the initial urine 
specimen obtained by catheter from M. T. (Case 1) on 
admission. The color was dark red, benzidine-positive 
and gave a strongly positive reaction for protein. ‘The 
pH was 6. No red blood cells were present. The urine 
had remained in storage at 4°c. for twenty-one days 
before electrophoresis and forty-five days before 
spectrophotometric study. 

Filter paper electrophoresis was performed accord- 
ing to the method of Smith and Conley [40] for 
hemoglobin electrophoresis. Veronal buffer at pH 
8.6 and ionic strength 0.06 was used. Normal serum, 
AA hemoglobin and 0.05 ml. of the urine were sub- 
jected to a current of 350 volts for three hours. ‘The 
part of the strip with the urine and the hemoglobin 
solution was stained with benzidine according to the 


* During recent attack myoglobin was demonstrated 
electrophoretically by Dr. J. T. Carpenter. 


method described by Lathem and Worley [42]. The 
rest of the strip was stained with bromphenol blue. 
Figure 1 shows the results of the electrophoresis. As can 
be seen, the urine contained a complete spectrum of 
serum proteins with an abnormal peak between the 
beta and gamma globulins. This portion was benzi- 
dine-positive, thus indicating it to be myoglobin. The 
mobility of this component is consistent with that 
reported for myoglobin by Singer et al. [44] who 
demonstrated that myoglobin migrated even slower 
than hemoglobin S at pH 8.6. We confirmed this find- 
ing on runs using the patient’s urine and hemoglobin 
S. On further study it was found that the patient’s 
hemoglobin and serum electrophoresis were normal. 
Lathem has shown that hemoglobin in the urine mi- 
grates identically with free hemoglobin in the plasma 
[43], thus being further toward the anode than 
myoglobin. 

Figure 1 also demonstrates a faint but definite 
benzidine-positive spot in the urine albumin portion 
indicating the presence of methemalbumin. 


TABLE Ill 
Sib-| Age Symptoms of 
ling rind Myoglobinuria 
1 19 F | Alive; mentally | No 
| | defective; has 
| seizures 
- | . | F | Died of pneu- 
monia at 414 
yr. 
3 17 F | Alive; has Yes; similar to cases 
seizures 1 and but without 
dark urine 
4 16 | F | Alive (Case 1) See text 
5 15 F | Alive (Case 11) | See text 
6 11 F | Alive and well | No 
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The absorption spectrums of the urine at pH 6.0, 
diluted 1:5 with distilled water, with and without 
the addition of potassium ferrocyanide, were deter- 
mined in a Cary recording spectrophotometer. Figure 
2 shows the almost identical absorption curves of the 
diluted untreated and ferricyanide-treated urine, indi- 
cating that the pigment present was metmyoglobin. 
The curves are identical with those previously 


described for acid metmyoglobin with maximums at 
630 and 500 my [44,46]. 


COMMENTS 


The clinical picture of idiopathic paroxysmal 
myoglobinuria has been well described previ- 
ously [4,7,25,29,37]|. The attacks frequently begin 
following exertion of varying types and severity, 
but at times hard labor or vigorous exercise may 
fail to produce symptoms. In some patients an 
episode may be predictably produced by a 
known amount of exertion while in others there 
is marked variation in the physical activity 
preceding the attack. Occasionally, attacks are 
precipitated by infection and fever, as in our 
cases [72,27,32]. 

Muscle pain of varying severity, most often 
affecting the calves, thighs and back, is noted 
first, often associated with stiffness and tender- 
ness. Systemic symptoms may ensue, including 
chills, fever, anorexia and malaise. ‘The course 
varies markedly, ranging from progressive to 
almost complete paralysis with respiratory 
embarrassment as in our Case I, to rapid subsid- 
ence with minimal or no weakness as in our 
Case 11. Pain and tenderness usually disappear 
in a day or two but may last up to a week. The 
urine, which may become dark brown, is usually 
somewhat red at first. It becomes discolored in 
a few hours after the onset of pain and usually 
clears in about twenty-four hours, although the 
abnormal color may persist up to seven days. 
Renal involvement is variable and may not be 
evident. Transient oliguria and azotemia may 
be seen, as in our Case nl, or the manifestations 
of acute tubular necrosis may appear, as in our 
Case 1. Red blood cells are not usually seen in the 
first urine excreted but may appear in large num- 
bers thereafter, as in our Case 1. Proteinuria is 
usually present. 

Evidence for hemolysis is absent and anemia 
does not occur unless renal failure ensues. 
Extreme leukocytosis, predominantly polymor- 
phonuclear, is common, as seen in our two Cases. 

The diagnosis can be made on clinical grounds 
alone if the picture is typical. Paroxysmal hemo- 
globinuria, porphyria and hematuria are, for 
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Fic. 2. Case 1. Spectrophotometric analysis of the urine. 
The characteristic spectrum of acid metmyoglobin is 
seen, with maximums at 630 and 500 mu. 


practical purposes, ruled out if clear serum is 
found along with discolored, benzidine-positive 
urine free of red blood cells. For proof, however, 
the urine pigment must be demonstrated to be 
myoglobin. This is best accomplished by spectro- 
photometry or electrophoresis. A simple test to 
differentiate myoglobin from hemoglobin in 
the urine has been described by Blondheim et 
al. [59]. Spaet et al. [25] have listed a differential 
diagnosis of paroxysmal pigmenturia. 

The explanation for the clear plasma and 
dark urine with myoglobinuria, as contrasted to 
the always discolored plasma associated with 
hemoglobinuria, is based on the observation that 
myoglobin is excreted by the kidneys at a much 
lower plasma level and is cleared twenty-five 
times faster than hemoglobin [47]. The plasma 
level at which hemoglobin appears in the urine 
is about 100 to 150 mg. per 100 ml. [43,47,52] 
which is two to four times the concentration 
needed to color the plasma [4]. The level for 
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myoglobin is 15 to 20 mg. per 100 ml. of plasma 
'4,43,47| which is approximately half the con- 
centration necessary to produce discoloration. 
A pink color to the urine visible upon inspection, 
has been noted at a myoglobin concentration of 
about 25 mg. per 100 ml. [37]. 

This difference has previously been ascribed 
to differential glomerular permeability related 
to the fact that the myoglobin molecule is one- 
fourth the size of the hemoglobin molecule. 
However, the studies of Laurell and Nyman [53] 
and then of Lathem [42,43] demonstrated that 
hemoglobin did not appear in the urine until 
the plasma hemoglobin-binding capacity (hapto- 
globin) was exceeded. It seemed, therefore, that 
perhaps myoglobin was not bound by plasma 
proteins, or if so, in low concentration and 
thus had a lower “renal threshold.’? Recent 
work of Javid et al. [48,60] has demonstrated 
that myoglobin is not bound by haptoglobin. 
These investigators, utilizing starch gel electro- 
phoresis, found no evidence for binding of 
myoglobin by human serum. Lathem, however, 
has reported protein binding of myoglobin by 
dog plasma [55]. It is worthy of note that al- 
though on electrophoresis of the urine in Case I 
there was a complete serum protein pattern, no 
benzidine-positive material was seen in the 
alpha-2 site where haptoglobin is found [42], 
or in the beta site of the heme-binding beta 
globulin |56,57|. Methemalbumin was present, 
as indicated by the benzidine-positive spot in the 
albumin fraction. 

The underlying defect predisposing to spon- 
taneous muscle breakdown is as yet unknown. It 
seems most likely to be an abnormality in muscle 
metabolism. Some cases strongly suggest genetic 
transmission. No consistent metabolic changes 
have been reported, although several patients 
have had an abnormality of carbohydrate 
metabolism |7,37| and two were found to have 
an increase in ketosteroid excretion [4,75]. 
Electrophoresis of the myoglobin from one pa- 
tient showed a mobility identical with that of 
normal myoglobin [45], as in Case t. 

No definite mode of inheritance has been 
established, although Bowden et al. [4] favor 
the possibility that a recessive gene is involved. 
The two cases reported herein are in keeping 
with this possibility, although environmental 
factors cannot be ruled out. 

Histological studies of muscle from the pa- 
tients with this syndrome have varied with the 
stage of the disease [28,29]. Degenerative and 


necrotic changes have been described most often, 
although during [25] or shortly after [7,60] an 
attack the changes may be minimal or absent. 
Biopsy specimens taken between attacks revealed 
no abnormalities in two cases [37,32]. 

Management of the acute episode depends on 
the severity. No specific treatment can be 
offered since the etiology is unknown. Pain relief, 
bedrest, adequate hydration and close observa- 
tion are the main points. Artificial support of 
respiration may become necessary. Careful fluid 
balance must be maintained and if renal shut- 
down becomes evident this should be treated 
accordingly. Long-term management of the 
patient with frequent recurrences should stress, 
of course, avoidance of excessive exertion or 
other inciting factors believed to precipitate 
symptoms. However, attacks are at times 
associated with routine activity. 

The chances of recovery from an attack are 
relatively good but eight deaths directly related 
to this syndrome have been reported in the 
fifty-one cases reviewed herein. Death resulted 
from acute renal failure in four cases [8,22,36,59]. 
muscle soreness followed by sudden unexplained 
death in two cases [4], complete paralysis with 
respiratory failure [23] and hyperkalemia [7]. 

Although only a few of the reported cases 
have been followed for a sufficiently long time 
it appears that atrophy of muscle is unusual in 
this condition unless it is associated with a 
classifiable type of muscle disease. 

SUMMARY 

Two cases of idiopathic paroxysmal myo- 
globinuria occurring in sisters are reported, and 
the literature on myoglobinuria is reviewed. 
A brief description of the syndrome is presented 
including a discussion of the electrophoretic 
properties and renal excretion of myoglobin. 
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ADDENDUM 
Since this paper was submitted, several re- 
ports containing six additional cases have been 
published [62-65]. The patient described by 
Kreutzer et al. [74] has been further studied by 
Schmid and Mahler [66]. They demonstrated a 
defect in the phosphorylase system of the muscle 
which eliminates anaerobic glycogenolysis as a 
source of energy for muscular contraction. 
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The Renal Concentrating Detect in Sickle 
Cell Disease’ 
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New York, New York 


N Herrick’s first description of sickle cell 
I anemia in 1910 |7] he observed that the 
urine flow was slightly increased in amount and 
of low specific gravity, varying in concentration 
between 1.010 and 1.014. The urine output 
averaged 2,000 ml. per day, was acid in reaction, 
and contained a trace of albumin and a few 
granular and hyaline casts. In subsequent early 
reports the persistently low urinary specific 
gravity again was mentioned [2-5]. Since then 
many reports in the literature allude to the fact 
that patients with sickle cell disease cannot 
elaborate a concentrated urine. In one study of 
nineteen patients with sickle cell disease the 
maximum specific gravity of the urine after an 
eighteen-hour fast varied between 1.007 and 
1.018 [6]. In another series of cases of sickle cell 
disease the maximum urinary osmolality aver- 
aged 420.7 + 72 mOsm./kg. H2O [7]. Hender- 
son [8] reported a series of fifty-four cases of 
sickle cell disease in which only two patients were 
able to concentrate the urine beyond a specific 
gravity of 1.015. Kunz et al. [9,70] found that 
thirteen of fourteen children with sickle cell 
anemia could not elaborate a urine of greater 
concentration than 1.015 despite a fifteen-hour 
period of water deprivation and the sub- 
cutaneous administration of Pitressin.® It is 
clear that inability to concentrate the urine 
is a consistent manifestation of sickle cell 
disease. 

Impaired concentration of the urine also 
occurs in sickle cell trait, but less consistently. 
Thus in one report 69 per cent of a group of pa- 
tients with sickle cell trait showed impaired 
ability to concentrate the urine [7/7]. In another 
series the maximum osmolality of the urine in 


patients with sickle cell trait averaged 604 + 154 
mOsm./kg. H2O [7]. 

Since patients with the trait are not generally 
anemic, the impaired ability to concentrate the 
urine cannot be attributed to anemia fer se. 
Persons with the sickle cell trait who had 
hemoglobin concentrations of 14.2 and 13 gm. 
per cent, respectively, showed impaired capacity 
to concentrate the urine [6]. Thalassemia and 
other hemolytic, non-sickle cell anemias are not 
associated with any defect in the ability to con- 
centrate the urine [6]. Severe anemia of long 
duration, of whatever cause, does not impair the 
capacity of the kidney to elaborate a concen- 
trated urine. 

It has been shown that, at least early in the 
course of sickle cell anemia, the inability to con- 
centrate the urine is reversible [77]. After 
receiving a transfusion of normal blood, young, 
hyposthenuric “‘sickle cell’? patients§ were able 
to concentrate the urine for several months. This 
reversibility of the defect was noted only in pa- 
tients under the age of five years. In adults, the 
concentration defect did not improve with 
transfusions of normal blood. 

Patients with sickle cell anemia appear to have 
an intact osmoreceptor-hypothalamic-posterior 
pituitary system [9]. Hyperosmolar infusions in 
children with sickle cell anemia evoked a 
moderate antidiuresis. The decrease in urine 
flow, while not as pronounced as that in the nor- 
mal subject, denotes some sensitivity of the 
posterior pituitary to appropriate stimulus, and 
the capacity of the kidney to respond to 
endogenous hormone. 


§ Refers to patients with either sickle cell disease or 
sickle cell trait. 


* From the Department of Medicine, The Mount Sinai Hospital, New York, New York. This study was presented 
at the Meetings of the American Federation for Clinical Research, May 1959 (Clin. Res., 7: 281, 1959). It was supported 
by a grant (A-277) from the National Institute of Arthritis and Metabolic Diseases, National Institutes of Health. 

+ Postgraduate Research Fellow, National Heart Institute, U.S. Public Health Service. 

t Present address: Grace Hospital, Detroit, Michigan. 
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TABLE I 
CLINICAL DATA ON SICKLE CELL SUBJECTS 
| Hemo- Blood Glomerular 
| globin Urea _ | Urinaly- Filtration 
Patient | Diagnosis | Clinical Data Concen- | 5 ; Urine 
| | Electro- | Nitrogen sis , Rate 
| horesis | (mg. %) (sp (cc. /min.) 
(gm. %) | P “0 gravity) 
J.C. Sickle cell | 19 year old Negro woman 7.0 All S | 6 Normal | 1.013 155 
disease studied after recovery from | | 
pneumonia | | | } 
N. L. | Sickle cell 53 year old Negro woman ad- | 6. All S | 21 Normal 1.012 60 
_ disease mitted for studies during | | | 
: quiescent phase of disease | 
L.B. | Sickle cell | 20 year old Negro man ad-| 6. 94% § 9 Normal | 1.012 130 
| disease mitted for therapy of leg | 
| ulcers | 
D. G. | Sickle cell|26 year old Negro man) 8. 75% S§ 8 Normal! 1.012 | 135 
disease | studied after recovery from | | | | 
sickle cell crisis | | | | 
M.C. | Sickle cell | 26 year old Negro woman 10. A and 8 Normal | | 88 
trait studied after recovery from | | | | ee 
pelvic inflammatory disease | | | | 
M. M. | Sickle cell | 48 year old Negro woman) 12. AandS! 13 | Normal} 1.014 | 87 
trait studied in the course of | | | | 
_ work-up for mild essential | | | | 
| hypertension | | | | 
C.M. | Sickle cell | 6 year old Negro boy studied | 8. Al S 12. | Normal; 1.014 | 30 
disease | after recovery from sickle | | | | 
| cell crisis | | | 
I.C. {Sickle cell | 25 year old Puerto Rican 11. AandS 9 Normal 1.014 | 115 
trait | woman studied after spon- | | | | 
* | taneous abortion | | : | 


The changes in other modalities of renal func- 
tion, such as glomerular filtration rate and renal 
blood flow, in patients with sickle cell disease are 
not so consistent. The glomerular filtration rate 
as determined by the sodium thiosulfate method 
was found to be diminished in patients with 
sickle cell anemia, but normal in those with 
sickle cell trait [72]. Protracted anemia not due 
to sickle cell disease is itself often associated with 
reduced effective renal plasma flow, glomerular 
filtration rate and Tm diodrast |/73]. On the 
other hand, in Mediterranean anemia the total 
renal plasma flow and glomerular filtration rate 
were found to be greatly elevated in five of seven 
patients [74]. In subjects with sickle cell disease, 
the glomerular filtration rate, effective renal 
plasma flow and TmPAH were reported to be 
supernormal during early adulthood [735]. Be- 
tween the ages of twenty and thirty these func- 
tions began to decline | /6|, the most conspicuous 
changes being noted in the glomerular filtration 
rate. After the third decade all the functions 


were somewhat depressed. It is difficult to draw 
final conclusions from these conflicting data but 
it seems reasonable to assume that throughout 
the early and intermediate phases of the course of 
sickle cell disease the glomerular filtration rate, 
TmPAH, effective renal plasma flow and effec- 
tive renal blood flow are normal at a time when 
the concentrating defect is consistently in 
evidence. 

The majority of patients with sickle cell type 
hemoglobin are found to have some arterial 
oxygen desaturation. A shift to the right of the 
oxyhemoglobin dissociation curve in such sub- 
jects has been implicated as the factor primarily 
responsible [77]. Furthermore, the pulmonary 
dysfunction frequently noted in sickle cell pa- 
tients and attributed to infarction of pulmonary 
parenchyma and/or shunting of blood through 
non-aerated lung will exaggerate the degree of 
oxygen unsaturation [77,78]. The administration 
of 100 per cent oxygen for two hours to patients 
with sickle cell anemia did not increase the 
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‘TABLE II 
RESPONSE TO HYDRATION AND PITRESSIN ADMINISTRATION IN SICKLE CELL SUBJECTS 


H.O Load | Pitressin (1,800 mUnit/hr.) 
Patient Osmolalit Osmolalit 
Time Urine Flow Time Urine Flow 
(min. ) (m]./min.) (mOsm. /kg. H20) (min. ) (ml. /min.) (mOsm. /kg. H20) 
M. M. 30 1.01 331 30 9.00 160 
30 4.05 121 30 5.01 326 
30 8.90 80 30 5.56 330 
30 12.33 46 30 5.20 345 
M. C. 35 0.40 387 ae ee 7 
30 1.36 287 | 30 | eee: 304 
30 3.60 a 30 | 1.00 303 
<< 30 | 14.67 28 30 8.83 44 
30 18.00 23 | 70 1.14 348 
| 25 | 1.08 37 
| 27 | 1.11 367 
capacity to elaborate a concentrated urine urine output and Pitressin was infused at a rate of 30 


[77]. 

In the present study a series of experiments 
were performed in isosthenuric sickle cell sub- 
jects in whom observations were made on the 
response to water loads and subsequent ad- 
ministration of Pitressin as well as to alterations 
in filtered solute loads under conditions of 
maximum hydropenia. An attempt will be made 
to interpret these findings in the light of the 
current theory concerning the renal mecha- 
nisms for elaboration of a concentrated urine. 


EXPERIMENTAL METHODS AND RESULTS 


Three types of experimental procedures were per- 
formed in eight subjects, of whom five had sickle cell 
disease and three had sickle cell trait. Six of the eight 
subjects were under the age of thirty. All of the pa- 
tients were afebrile and in excellent condition at the 
time of study, without any evidence of cardiac, pul- 
monary or hepatic failure. The patients with. sickle 
cell disease had anemia of modest degree, those with 
the trait had normal hemoglobin concentrations at 
the time of the experimental procedure. Except for the 
persistent isosthenuria which was present in each 
patient, no other manifestation of renal involvement 
was evident. (Table 1.) 

In the first experimental protocol, three subjects 
(one with sickle cell disease and two with sickle cell 
trait) were hydrated with an oral water load of 2,000 
cc. After a sustained peak of urine flow was achieved, 
the oral intake of water was maintained at the level of 
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mU./kg./hour. The changes in the rate of urine flow 
and urine osmolality were measured. (Table u, 
Fig. 1.) During the period of peak diuresis, urine 
flows reached 12.3, 10.5 and 18 cc./minute, the urine 
osmolalities falling to 46, 48 and 23 mOsm./kg. H,O, 
respectively. When Pitressin was administered, the 
urine flows decreased to 5.20, 0.9 and 1.1 cc./minute, 
and the urine osmolalities rose to 345, 330 and 370 
mOsm./kg. H2O, respectively. These final urine 
concentrations compared favorably with levels ob- 
served under conditions of maximum hydropenia. 


WATER PITRESSIN 
LOAD INFUSION 
400- 
= 
300- 
5°. 
u 
Ooo 
= 
200- 
aé 
6 
= 100- M.C. 
—— MM. 


-120 -80 -40 0 40 80 120 160 
TIME, MINUTES 


Fic. 1. Response of the sickle cell subject to a water load 
and the subsequent administration of Pitressin. 
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TABLE Il 
EFFECTS OF REDUCTION IN FILTRATION RATE 
| | Urine 
een Urine | Clear- | Osmolality Sodium Chloride Potassium Urea 
Patient! rime Flow | ance | 
(min.) | (ml./ | UV/P | | 
min.) | (ml./ | | | | | 
(mOsm./ | (wOsm./ | (mEq./L.) (uEq./min.) | (mEq./L.) | (wEq./min.) | (mEq./L.) | (aEq./min.) | (mM/L.) | (uM /min.) 
kg. HeQ) | min. ) | | | | 
Sickle Cell Subjects with Hydropenia 
(36) | (2.89) | (87) (521) | (1,510) (151) (438) | (148) (416) | (40) (105) | (76) | (205) 
M.M. 20) 0.65 76 =| «509 331 71 46 88 57 = 87 86 
57 0.12 29 | 6524 63 51 6 75 ee oe 18 130 | 16 
25 0.34 97 | 502 171 13 een ee 10 131 15 169 | 7 
16 0.84 101 | 494 415 17 14 | 38 | 32 | 14] 118 a 160 
(47) (1.27) (88) (413) (525) (106) (136) | (131) | (167) | (57) | (72) | (93) | (118) 
26 1.00 65 | 413 | 413 Q& 98 | 130 | 130 58 58 | 94 | 94 
M. ¢ 22 0.41 54 | 448 | 187 51 21 | 106 43 89 37 a ae 49 
| 66 0.23 31 338 | 78 38 4 95 22 94 22 Bee, ae 14 
10 1.65 101 323 533 56 92 107 177 83 136 65 | 107 
(58) | (1.33) | (155) | (418) (556) | (115) | (153) (103) | am | oS (103) | (48) | (63) 
38 1.18 118 | 421 496 108 128 100 118 | 82 97 ee 52 
J. ¢ 42 0.19 38 414 | 19 | 70 13 80 15 104 20 | 42 | 8 
27 0.37 147 | 380 | 141 | 14 5 46 17 | 122 45 | 66 | 24 
17 0.59 120 398 | 235 | 20 12 60 35 | 140 83 79 | 47 
19) (0.93) 135) (374) | (350) | (15) (14) (35) (33) (78) | (72) | (170) | (158) 
38 0.22 92 351 | 77 14 3 30 7 82 18 mi 33 
D.G, 58 0.47 70 325 | 153 5 3 10 By) 60 28 re 66 
25 0.26 48 334 7 5 2 64 43 
26 1.19 136 338 403 6 7 11 13 7 86 163 | 194 
Normal Subjects with Hydropenia 
| | | 
(64) (0.35) (131) (985) | (345) (131) (46) | (151) (53) (157) (55) | (141) (50) 
HAI 50 0.24 86 953 229 108 26 121 29 182 ee ee 33 
29 0.17 68 883 150 76 13 73 12 184 3] 118 20 
39 0.24 89 923 222 107 26 106 26 177 43 140 34 
(90) (0.65) (90) (820) | (583) (100) (65) (134) (87) (186) a1: me 1 oa 
L. J 28 0.29 50 852 241 103 29 112 32 204 58 48 | 14 
52 0.13 54 702 9] 43 6 56 7 188 24 44 6 
45 0.20 70 830 176 4] 8 57 1] 228 46 55 i] 
(QR) (0. 27) (68) (1,027) (277) | (141) (38) ' (133) (36) (105) (28) | (245) | (66) 
I. M. 40) 0.22 55 | 1,029 226 | 150 33 143 31 97 21 | 271 | 60 
45 0.13 13 972 126 110 15 105 | i4 117 | 16 | 186 24 
52 0.21 52 951 200 | 113 24 74 15 120 25 205 43 
(58) (0.85) (133) (920) (782) | (134) (114) (144) (122) (115) (98) (125) (106) 
CR. 29 0.78 103 727 567 140 109 128 100 118 92 127 99 
59 0.27 69 776 210 124 33 49 13 144 39 121 33 
36 0.12 70 774 93 63 8 17 2 18] 22 105 13 


Data in parentheses represent average of three control periods. 


units of Pitressin tannate in oil the night before the 
experiment. On the following morning an infusion of 
inulin and Pitressin (200 mU./hour) was admin- 
istered. This was continued until a steady state had 
been established. The blood pressure was _ then 
decreased by the intravenous administration of SC 
1950 (1-ethyl-2, 6-dimethylluptidine ethobromide), a 
ganglionic blocking agent, and/or the application of 
venous tourniquets to the thighs. During the control 
period and the period of hypotension, glomerular 


The rise in urine osmolality appeared within thirty 
minutes after the administration of Pitressin and was 
almost maximal within one hour. (Table uy, Fig. 1.) 
In the second group of studies the glomerular 
filtration rate was reduced in four sickle cell sub- 
jects in whom hydropenia had been induced by the 
administration of Pitressin (two with sickle cell disease 
and two with sickle cell trait), and the effect on the 
excretion of solute and water was measured. The four 
patients were fasted for eighteen hours and given 5 
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filtration rate, urine flow, urine osmolality, and the 
rates of excretion of sodium, chloride, potassium and 
urea were measured. (Table m, Fig. 2A.) These 
results were then compared with the results of similar 
experiments performed in four normal hydropenic 
subjects. (Table m, Fig. 2B.) The methods used in 
these studies are presented elsewhere | 7/9]. 

In the sickle cell subjects the control glomerular 
filtration rates were 87, 88, 155 and 135 ml./minute, 
averaging 116 ml./minute. (Table m.) The control 
glomerular filtration rates in the subjects with 
hydropenia only were 131, 90, 68 and 133 ml./minute, 
averaging 106 ml./minute. (Table m.) In the four 
subjects with sickle cell anemia, during the period of 
hypotension, the maximum fall in glomerular filtra- 
tion rate was 67, 65, 75 and 77 per cent, with an aver- 
age of 71 per cent. In the normal subjects the maxi- 
mum fall in glomerular filtration rate recorded was 
48, 44, 37 and 48 per cent, with an average of 44 per 
cent. 

The control rate of urine flow in the sickle cell pa- 
tients averaged 1.60 ml./minute whereas the control 
rate of flow in the normal subjects averaged 0.53 ml./ 
minute. During the period of diminished glomerular 
filtration the rate of urine flow decreased similarly in 
both normal and sickle cell subjects, averaging 0.20 
ml./minute in the sickle cell subjects and 0.14 ml./ 
minute in the normal subjects. (Table m1.) 

Coincident with the marked fall in urine flow and 
filtration rate, the sickle cell subjects showed a con- 
sistent fall in urine osmolality, which was recorded as 
30, 125, 41 and 49 mOsm./kg. H2O, respectively 
(Table 11), and averaged 14 per cent. In the normal 
subjects a similar percentile fall in total urine osmolal- 
ity occurred under the same experimental conditions 
(Table m1), averaging 13 per cent; however, the 
absolute falls were somewhat greater in view of the 
much higher control levels of urine concentration. 

In both groups of subjects responding with a fall in 
filtration rate and urine flow there was a considerable 
decrease in the concentration of sodium in the urine, 
averaging 83 per cent in the normal subjects and more 
than 90 per cent in the sickle cell subjects. In both 
groups the urinary concentration of potassium in- 
creased somewhat, but because of the marked fall in 
urine flow there was a decrease in the rate of potas- 
sium excretion, averaging about 70 per cent in both 
normal and sickle cell subjects. The urinary con- 
centration of urea remained unchanged or decreased 
slightly in both the normal and sickle cell subjects, 
so that the rate of urea excretion decreased about 75 
per cent in both experimental groups. (Table m1.) 

Finally, four hyposthenuric sickle cell subjects 
(three with sickle cell disease and one with the trait) 
were exposed to the reverse experimental conditions. 
As in previous experiments, hydropenia was induced 
by an eighteen-hour fast and the administration of 
5 units of Pitressin tannate on the night before the 
experiment. The following morning an infusion of 
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Fic. 2. A, the effect of a reduction in glomerular filtration 
rate on solute and water excretion in a hydropenic sickle 
cell subject. Arrows represent time at which blood pres- 
sure was reduced. B, the effect of a reduction in glomeru- 
lar filtration rate on solute and water excretion in a 
hydropenic normal subject. 


inulin and Pitressin (200 mU./hour) was started at 
the rate of 0.6 cc./minute until a steady state was 
achieved. Thereafter a separate infusion of hypertonic | 
mannitol solution (25 per cent) was administered at an 
initial rate of 0.5 cc./minute and then at a gradually 
increasing rate until a maximum rate of urine flow 
approaching 20 to 25 per cent of the filtration rate was 
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TABLE Iv* 
EFFECTS OF MANNITOL LOADS ON URINE CONCENTRATION IN SICKLE CELL SUBJECTS 
Serum Urine 
Osmol- Urine Osmol- Solute Zo total 
Patient Data | sume ality Flow ality 
(min.) | , tion (ml. /min.) Load Chloride 
(mOsm./ | (ml./min.) | (mOsm./ 
| kg. H20) ke. H2O) sm. xcrete xcrete 
| min.) 
N. L., a 53 year old woman| (76) (277) (2.20) (377) (829) (0.72) (5) (3) 
with sickle cell disease, glo- 14 2.14 377 807 0.70 5 
merular filtration rate: 60 16 2.14 373 798 0.67 5 c 
ml./min., maximum ‘[c- 16 275 2.00 373 746 0.63 5 
H.O 3.24 ml./min./100 cc. 11 3.72 365 1,361 1.06 8 
glomerular filtration rate 10 6.40 348 2,22/ 1.44 13 7 
13 288 8.92 332 2,961 - 1.51 17 
10 11.00 334 3,674 1.94 23 
9 305 os. ee 330 3,996 1.94 22 14 
L. B., a 20 year old man with | (50) (273) (1.23) (385) (474) (0.51) (1) 
sickle cell disease, glomeru- 26 27 1.08 383 414 0.44 1 1 
lar filtration rate: 130 18 | 2.11 399 842 0.97 2 
ml./min., maximum ‘Tc- 16 | | 2.67 395 1,055 1.20 3 l 
H.O 3.17 ml./min./100 cc. 19 3.24 391 1,267 1.40 4 
glomerular filtration rate 19 5.67 390 y Be 2G | 2.43 6 
10 7.60 378 2,873 2.92 8 + 
10 11.00 375 4,125 4.12 12 
12 10.33 380 3,925 4.04 11 
10 9.80 380 3,724 3.85 10 8 
C. M., a 6 year old boy with| (80) (283) (0.35) (467) (163) (0.19) (2) (0.5) 
sickle cell disease, glomeru- | 15 0.40 453 181 0.20 2 . 
lar filtration rate: 30 ml./ 12 | 0.58 453 263 0.30 2 0.6 
min., maximum ‘TcHe.O 10 0.80 460 368 0.43 4 
7.59 ml./min./100 cc. glo- 10 1.30 453 589 0.67 7 
merular filtration rate 15 | 2.47 449 1,109 1.20 12 2.0 
11 | 3.09 446 1,378 1.49 15 
10 | #20 433 1,819 1.87 20 
8 314 | 5.50 424 2,332 2.28 26 5.0 
I. C., a 25 year old man with | (86) (273) | (0.75) (487) (365) (0.59) (1) 
sickle cell trait, glomerular | 14 472 1,600 2.15 5 
filtration rate: 115 ml./ 8 ee 422 2,667 2.91 8 
min., maximum ‘TcH2O 7 | 9.64 381 3,673 3.07 11 
2.84 ml./min./100 cc. glo- 6 15.50 350 5.425 Dat 16 
merular filtration rate 6 26.39 321 8,452 1.56 25 
5 | 303 32.00 307 9,824 0.42 27 


* Data in parentheses represent average value of at least three separate control periods. After these data were ob- 
tained, the intravenous administration of 25% mannitol was begun. 


achieved. Urine flow, urine osmolality, chloride con- urine remaining distinctly hypertonic to plasma. In 
centration and filtration rates were measured through- three subjects (N. L., C. M. and I. C.) in fact, the 
out the control and experimental periods. Three urine remained hypertonic to serum despite a rate of 
subjects had normal glomerular filtration rates solute excretion reaching 23, 26 and 27 per cent of the 
initially but a patient with sickle cell disease (N. L.), filtered load. In Figure 3 the urine osmolalities in 
who had survived to the age of fifty-three, had a the sickle cell patients are compared to those recorded 
moderate diminution in filtration rate. (Table tv.) in normal subjects exposed to a comparable solute 

As the rate of urine flow increased there was a diuresis. In the same figure, the changes in the normal 
slight progressive decrease in urine osmolality. subjects and those in the sicklers are contrasted with 
(Table 1v, Fig. 3.) Despite rates of solute excretion those observed in comparable experiments by de 
that averaged 20 per cent of the filtered load, the fall Wardener and Del Greco in subjects with diabetes 
in urine osmolality averaged about 14 per cent, the insipidus [38]. In the latter experiments the urine 
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Fic. 3. Solute concentration of the urine following a mannitol load in normal 
(stippled area), sickle cell and diabetes insipidus subjects (the last from de 


Wardener and Del Greco [38]). 


osmolality was brought to a level commensurate 
with that produced in the maximally hydropenic 
sickle cell patient by the administration of a small 
quantity of Pitressin. Thereafter an infusion of hyper- 
tonic mannitol solution rapidly produced a urine 
hypotonic to plasma. 

Because of the meager fall in urine osmolality noted 
in the face of increasing solute loads in the patients 
with sicklemia, calculations of T'cH.O tended to show 
a progressive rise as urine flow increased towards 10 to 
12 cc./minute. (Table rv, Fig. 4.) In Figure 4 solute 
clearances are plotted against urine flow so that the 
TcH,O may be expressed as the horizontal distance 
between the slope of the curve reflecting the observed 
responses and the isosmotic line. At modest solute 
loads the TcH20O in the sickle cell subjects increased to 
maximum values of 3.2, 3.2, 7.6 and 2.8 cc./100 cc. 
glomerular filtration rate. (Table rv.) 

In ‘Table rv the rate of chloride excretion, expressed 
as per cent of the filtered chloride load, is recorded 
as the solute load increases in the subjects with sickle 
cell disease. ‘The progressive increase in this ratio is 
commensurate with that noted in normal subjects 
exposed to a comparable solute load. 


COMMENTS 


Considerable insight has been acquired re- 
cently into the mechanisms by which variations 
in urine osmolality are achieved [20,27]. It is 
generally accepted, on the basis of both direct and 
indirect evidence, that the first phase of solute 
and water absorption is effected isosmotically, 
the prime event presumably being the active 
transport of sodium; absorption of chloride and 
bicarbonate occurs by passive processes depend- 
ent upon electrochemical gradients established 
by the active process [22-24]. Thereafter water 
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diffuses across a freely permeable membrane, 
maintaining the concentration of the plasma 
ultrafiltrate. Isosmolality within the proximal 
tubule obtains regardless of the rate of solute 
flow [295]. 

A progressive rise in solute concentration from 
the outer layers of the medulla to the tip of the 
pyramid has been recorded within the descend- 
ing loop of Henle and collecting tubule, and in 
the vasa rectae, all coursing in parallel through 
the medulla [20,27]. Achievement of this 
hypertonicity has been attributed principally 
to a counter current multiplier, the seat of which 
resides in the ascending loop of Henle where 
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Fic. 4. Relation between solute clearance (UV/ P) and 
urine flow (V) in normal and sickle cell subjects ex- 
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sodium is actively pumped out of the lumen [27]. 
The fluid within the descending loop is thought 
to be concentrated by the diffusion of water 
outward and/or by the inward diffusion of salt. 
The longer the loop and the slower the rate of 
How, the more effectively is the solute concen- 
trated towards the tip of the papilla [27,28]. The 
peculiar architecture of the vasa rectae permits 
these vessels to act as a counter current diffuser, 
maintaining a_ solute concentration within 
the vessels identical with that noted at the same 
level in the interstitium or in the descending. 
loop of Henle. The proximity of the capillary 
loops enables solute to diffuse from the more 
hypertonic efferent branch to the afferent 
branch, thus tending to trap solute within the 
medulla. The diffusion of water occurs in the 
reverse direction, producing the same end result. 
As in the case of the counter current multiplier, 
the effectiveness of the diffuser is related in some 
inverse manner to the rate of blood flow [27]. 

As the tubular fluid ascends the loop, the 
continued outward extraction of sodium, in an 
area less permeable to water, results in progres- 
sive dilution of this fluid [25]. Urea, whether 
actively extruded at this site [29] or (more 
likely) diffused into the medulla from the adja- 
cent collecting duct [79,30], likewise is confined 
by the circulation described. 

In the proximal segments of the distal tubule, 
the continued outward transport of salt across a 
membrane relatively impermeable to water 
further enhances the degree of dilution. At this 
site antidiuretic hormone (ADH) allegedly 
plays its primary role, namely, the specific 
enhancement of tubular permeability to water 
| 31,32|. In the presence of maximum quantities 
of this hormone, water diffuses out of the distal 
tubule until a maximum concentration of 
isosmolality is achieved at a site proximal to the 
collecting duct. The precise action of this 
hormone is determined by the quantity of solute 
absorbed at this site and the amount of water 
thereby set free, the rate of flow down the distal 
tubule, and the relative quantity of ADH avail- 
able. Micropuncture data in the rat and hamster 
have suggested that, at least in these species, over 
a wide range of solute flow, maximum hydro- 
penia permits the back diffusion of sufficient 
quantities of water to achieve isosmolality at the 
end of the distal tubule [25]. However, in man 
under conditions of maximum hydropenia, at 
high levels of solute excretion (30 to 50 per cent 
of that filtered), the occasional production of 


urine hypotonic to plasma _ indicates that 
isosmolality at this site isnot always achieved [33]. 

Thereafter the fluid enters the collecting 
tubules, which pass through the area of medul- 
lary hypertonicity. Here, too, ADH enhances the 
permeability to water so that the tonicity of 
the tubular fluid may approximate that of the 
adjacent medullary interstitium [37]. Again, the 
rate of flow at this site and the variable dilution 
of the fluid are important factors in determining 
whether or not osmotic equilibrium between the 
fluid within the collecting duct and that in the 
hypertonic medulla is achieved. Under condi- 
tions of diuresis, the medullary hypertonicity 
may be limited by the increased volumes of 
water which must be transported per unit time as 
well as by an increase in the rate of blood flow in 
the medulla, tending to decrease the effective- 
ness of the capillary solute trap [34]. Indirect 
data suggest that after water diffuses back, urea 
follows [79,30]. 

It has been suggested that ADH may play an 
additional role by enhancing outward transport 
of sodium in the ascending loop of Henle or by 
rendering the descending loop more permeable 
to water [35]. However, the evidence for such 
effects of ADH remains incomplete. 

Returning to the renal defect in sicklemia, 
the inability to elaborate a urine of appropriate 
hypertonicity may be ascribed to one or more 
of the following alterations: 

(1) reduced permeability of the distal tubule 
or collecting duct as a consequence of inadequate 
formation of ADH or inadequate responsiveness 
to ADH, or because of a primary alteration 
within the tubular membrane; 

'(2) increased rate of solute flow (osmotic 
diuresis) by decreasing the effectiveness of the 
counter current multiplier, by enhancing the 
degree of dilution in the proximal portion of 
the distal tubule, and by limiting the ultimate 
concentration of the urine and of the medulla; 

(3) decreased solute concentration within the 
medulla because of (a) reduced capacity of the 
counter current multiplier to transport solute or 
(b) failure of the medullary circulation to trap 
the solute deposited therein. 

The prompt response to a water load and to 
the subsequent administration of hyperosmolar 
solutions in our subjects indicates that the 
osmoreceptor-pituitary cycle operates normally. 
The return of urine osmolality toward pre- 
hydration levels after the administration of 
Pitressin indicates at least some enhancement of 
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tubular permeability to water. These data and 
interpretations are in accord with studies per- 
formed in patients with sicklemia by previous 
investigators [9-77]. 

The failure of the patients with sickle cell dis- 
ease to augment the concentration of urine after 
the rate of flow down the tubule is diminished 
by decreasing the filtration rate argues against 
the alternative hypothesis of a reduced tubular 
permeability to water. The similarity in response 
to a diminished filtered load of the sickle cell 
and normal hydropenic subject (the latter 
presumably possesses tubules of maximum 
permeability to water) also suggests a normal 
permeability in the sickle cell subject. In sub- 
jects whose tubular permeability to water was 
reduced by the presence of diabetes insipidus 
or sustained water loads, similar stimuli have 
been reported to produce an abrupt increase in 
urine osmolality [37,36,37]. 

In those experiments in which the rate of 
solute flow was increased by a mannitol load, 
no evidence of urine hypo-osmolality or distal 
tubular impermeability to water was unmasked, 
such as was demonstrated in similar experiments 
recorded by de Wardener and Del Greco in 
patients with diabetes insipidus (Fig. 3) [38]. 
Furthermore, the slow rate of decrease in con- 
centration of the urine and the persistence of 
some urine hypertonicity despite progressive 
increases in the rate of solute flow to levels 
exceeding 20 per cent of the filtered load argue 
against any (measurable) decrease in tubular 
permeability to water in the collecting ducts. 

These series of experiments therefore provide 
convincing albeit indirect evidence that the 
permeability to water within the tubules remains 
normal in sickle cell subjects. 

The control rates of solute excretion, in rela- 
tion to the filtration rates in sickle cell subjects, 
are closely comparable to those observed in 
normal subjects. (Tables mr and tv.) This find- 
ing tends to eliminate the possibility that an 
osmotic diuresis may have played a role in the 
isosthenuria of sickle cell subjects. Furthermore, 
in hydropenic subjects in whom a solute diuresis 
limits the concentration of the urine, a fall in 
glomerular filtration rate has been shown to 
produce a rise in urine osmolality [79,39]. 

By exclusion, it thus seems most likely that the 
isosthenuria of sicklemia reflects failure to 
achieve a normal medullary solute concentra- 
tion. As already mentioned, the decreased con- 
centration might be ascribed to a_ reduced 
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capacity of the ascending loop of Henle to 
transport sodium. However, no defect in over- 
all sodium transport, as evidenced by a high 
control rate of salt excretion in relation to the 
glomerular filtration rate, was evident in these 
subjects. (Tables m1 and tv.) Furthermore, under 
conditions of maximum water loading, a marked 
dilution of the urine was achieved (Table u, 
Fig. 1), suggesting a normal capacity to absorb 
salt within the loop of Henle and distal tubule. 
While failure to accomplish this last could be 
obscured by an increased rate of salt absorption 
in the remainder of the distal tubule (thereby 
maintaining a normal over-all rate of salt 
excretion), it is probable that with increasing 
mannitol loads any diminished sodium transport 
would be unmasked. It will be noted that the 
increment in the rate of chloride excretion in the 
mannitol-loaded sickle cell subjects (Table tv) 
was of the same order as that produced by a 
comparable load in the normal subjects. When 
the glomerular filtration rate was reduced, salt 
excretion in the sickle cell subject fell to the 
same degree as in the normal subject. (Table 
11.) hese data do not support the possibility of a 
defect in sodium or chloride transport in 
sicklemia. 

It has been suggested that the efliciency of the 
countercurrent multiplier in the loop of Henle 
depends upon the permeability of the descending 
loop to water, making it possible for the concen- 
tration to rise progressively as the fluid descends 
this segment of the loop. That this is not the site 
of the defect in the sickle cell subject is suggested 
by the failure of the urinary concentration to rise 
as the rate of solute flow is decreased. As in other 
areas of impermeability to water, one would ex- 
pect an increase in relative permeability with a 
slower rate of flow. Insofar as these experiments 
did not reveal any abnormality in the counter- 
current multiplier, the postulated diminished 
medullary hypertonicity in sicklemia may be 
ascribed to the failure of the circulation to trap 
the solute deposited in the medulla. 

The fall in urine osmolality produced by a 
decrease in glomerular filtration rate in hydro- 
penic subjects has been attributed to the reduced 
quantity of urea available for back diffusion at 
the collecting duct | 79,39]. The proportionately 
similar fall in total urine osmolality in sickle cell 
and normal subjects exposed to a comparable 
drop in glomerular filtration rate (Tables m and 
Iv, Fig. 2) would suggest that, of the total solute 
in the medulla of the former, the proportion 
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Fic. 5. A schematic presentation of the hypothetic defect 
in the medullary circulation of the sickle cell subject. Left, 
in the normal countercurrent circulation, the solute 
entering the tip freely diffuses out of the efferent loop and 
then diffuses into the afferent segment, causing the solute 
concentration to rise progressively as the blood ap- 
proaches the apex. Right, in the sickle cell subject, it is 
hypothesized that far less solute diffuses out of the less 
permeable efferent segment. Accordingly the fall in con- 
centration from the apex outward will be less marked, 
and less solute will be available for diffusion into the 
descending segment; consequently only a slight rise in 
solute concentration will occur as the blood approaches 
the pyramid. 


representing urea is similar to that in the normal 
subject. ‘This also would favor the hypothesis 
that solutecenters this site normally in the sickle 
cell subject but does not remain there because 
of an alteration in the trapping characteristics of 
the circulation. 

This hypothesis would, in addition, explain 
the slight fall in urine osmolality in the sickle cell 
subject as compared to the more pronounced 
fall in the normal subject when the rate of 
solute excretion increases. (Table tv, Figs. 3 and 
4.) Normally, as the rate of urine flow increases, 
the medullary concentration falls as a result of 
the diluting effect of the increased quantities of 
water diffusing back | 27,34]. If, as suggested, the 
medullary circulation of the sickle cell subject 
is a less efhcient trap and therefore more effec- 
tive in removing solute and water, the influence 
of an increased water load on medullary con- 
centration would be less conspicuous than in 
normal subjects. 

The precise nature of the abnormality as a 
result of which the countercurrent circulation 
in the sickle cell subject undergoes this change in 
function is not certain. The presence of prolonged 
arterial oxygen unsaturation in the sickle cell 


subject has been substantiated [77,78]. It seems 
reasonable to assume that the degree of anoxia 
may be most marked in the efferent loop of the 
capillary circulation. If there is a high concentra- 
tion of red cells within the medulla (contrary to 
the views of Pappenheimer), sickling of the red 
cells may be most conspicuous at this segment of 
the loop. Small vascular occlusions might then 
occur, causing the exudation of interstitial fluid 
proximal to this site. While such morphologic 
alterations have indeed been described in the 
medulla of such subjects [40,47], it is difficult to 
explain the reduced medullary tonicity on this 
basis alone. Even though an increased interstitial 
volume would limit the diffusion of solute and 
water across the vascular loops, it must be 
remembered that, according to the present 
hypothesis, solute is deposited in the interstices 
of the medulla. The presence of edema would 
probably limit the‘diffusion of solute into the 
capillaries, thereby tending to enhance the 
concentration within the medulla. If the pro- 
longed anoxia caused a generalized reduction in 
permeability of the capillary wall, solute 
deposited within the interstitial fluid would not 
readily gain access to the capillary circula- 
tion, thus tending to increase the medullary 
concentration. 

Prolonged anoxia in this capillary system 
could reduce the trapping effect of the circula- 
tion by permitting solute to enter the circulation 
freely, but limiting its re-diffusion from efferent 
to afferent loop. Figure 5 presents a schematic 
representation of how such an alteration in 
permeability of one segment of the capillary 
wall would markedly limit the trapping char- 
acteristics of the medullary circulation. It seems 
reasonable to assume that any alteration in per- 
meability would occur most prominently in the 
efferent loop—that segment exposed to the more 
pronounced degree of anoxia over the years. 
Solute which hac entered the descending limb 
and the apex of the capillary loop would not 
readily diffuse out of the ascending limb. Ac- 
cordingly, less solute would be available for 
re-diffusion into the descending limb and a much 
smaller rise in solute concentration would 
develop as the blood in the vasa rectae ap- 
proached the apex of the loop. Such a change 
would reduce the efficiency of the counter- 
current system and in a physiologic sense tend 
to straighten the capillary loop, thereby increas- 
ing the effective medullary blood. flow. This 
hypothesis is in accord with what has previously 
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been described as a “‘heaping-up”’ of endothelial 
layers in the loops of the capillaries [#0]. It would 
be consistent with the fact that young sickle 
cell subjects elaborate a concentrated urine for 
some time after the infusion of normal red 
cells [77]; presumably before the effects of 
prolonged anoxia become irreversible’ the 
infusion of normal blood would reduce the 
anoxia and overcome the diffusion defect in the 
efferent loop, whereas in adults with irreversible 
changes the infusion of fresh blood would not 
reverse the effects of the endothelial changes in 
the capillary wall. This concept is in accord with 
the observation that dogs exposed to long-term 
anoxia exhibit a reduced capacity to concentrate 
the urine [42]. However, in several observations 
made in this laboratory no defect in maximum 
urine osmolality was noted in patients with 
prolonged anoxia of diverse etiology [43]. 
Infarction of the medulla has been described 
in subjects with sickle cell disease [47] but it is 
difficult to understand how the concentrating 
defect can be ascribed to this vascular change. 
For one thing, many isosthenuric sickle cell 
subjects show no evidence of renal infarction. 
Furthermore, as has been previously empha- 
sized, a reduced medullary blood flow would 
not tend to reduce medullary tonicity but would 
instead exaggerate the trapping of solute. If such 
medullary ischemia interfered with the active 
transport of sodium, it might conceivably limit 
the concentration of salt in the medulla but the 
evidence presented herein offers no support for 
the presence of a defect in sodium transport 
in sickle cell subjects. Finally, it would be difh- 
cult to explain the transient improvement in con- 


centration ability in young children infused with » 


fresh blood on the basis of medullary infarctions. 


SUMMARY AND CONCLUSIONS 


1. The previous literature regarding the renal 
concentrating defect in subjects with sickle cell 
disease or sickle cell trait is briefly reviewed. 

2. Experiments performed in such subjects 
demonstrated some responsiveness to the admin- 
istration of Pitressin. | 

3. After the filtration rate was reduced in 
sickle cell subjects, under conditions of maximum 
hydropenia, urine osmolality decreased approxi- 
mately 12 per cent. Similar experiments in nor- 
mal control subjects revealed a comparable 
percentile fall in urine osmolality. 

4. Osmotic loading in hydropenic sickle cell 
subjects caused a slow and slight decrease in 
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urine osmolality, the urine remaining hyper- 
tonic to plasma even at levels of solute excretion 
exceeding 20 per cent of that filtered. 

5. The previous literature and the present 
findings are interpreted in terms of the current 
concept of the concentrating operation in the 
kidney. 
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Gas Exchange and Lung Mechanics in a Form of 
Restrictive Pulmonary Disease 
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HE observation that rheumatoid spondylitis 

produces restriction of chest motion is at 
least 250 years old [7], and the disease is known 
to have existed since early times |2]. Pulmonary 
function tests now make possible documentation 
of this early observation and differentiation from 
other forms of restrictive pulmonary disease. 
We will describe the respiratory function of six- 
teen patients with rheumatoid spondylitis and 
discuss the form of pulmonary restriction with 
hyperinflation which they represent. 


METHODS 


Selection of Subjects and Preliminary Examination. Dr. 
T. B. Bayles of the Robert Breck Brigham Hospital 
selected sixteen patients for study (fifteen were men) 
who met the clinical and radiographic criteria for the 
diagnosis of rheumatoid spondylitis. Beyond their 
willingness to undergo the tests, no further require- 
ment was exercised. No attempt was made, for exam- 
ple, to include or exclude patients with respiratory 
symptoms or other diseases. Patients were inter- 
viewed and examined. Height and weight were 
measured. Body surface area was estimated from the 
diagram of Sendroy and Cecchini [3]. 

Eleven healthy male subjects were selected from 
the medical housestaff for comparative study of 
minute volume, alveolar carbon dioxide tension 


(Paco,) and oxygen consumption (Vo.). 


Pulmonary Function Studies. With the patient sitting, 


two determinations of maximum breathing capacity, 
vital capacity and one-second timed vital capacity 
were made using a Collins 9-L. respirometer. The 
larger of the values for vital capacity and maximum 
breathing capacity was used throughout. Duplicate 
measurements of functional residual capacity and 
residual volume were made by the closed circuit 
helium technic [4], using helium in air; the average 
value is reported. Total lung capacity is reported as 
the sum of vital capacity and residual volume. The 
‘“‘over-all”’ mixing index was calculated from the 
helium dilution curve by Gilson and Hugh-Jones’ 
modification [5] of the method of Bates and Christie 
[6]. Expected values for maximum breathing capacity, 
vital capacity, total lung capacity and residual volume 
based on age, height, body surface area and sex were 
calculated from the equations of Baldwin, Cournand 
and Richards {7]. Comparison of these figures with 
our observed values is not strictly valid since Baldwin 
et al. studied their subjects in the supine position for 
lung volume and standing for maximum breathing 
Capacity, whereas our subjects were seated for all 
procedures. Predicted volumes for functional residual 
capacity were calculated from the normal figures for 
percentage of total lung capacity given by Kalt- 
reider, Fray and Hyde [8]. 

Lung compliance and total flow resistance 
were measured in thirteen of the patients. Simul- 
taneous measurements of lung volume change and 
intraesophageal pressure change (as an index of 
intrapleural pressure) during spontaneous quiet 
respiration allowed calculation of lung compliance and 
air and tissue flow resistance |9]. An intraesophageal 
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balloon similar to that described by Mead et al. [70] 
was used. The data from these patients were compared 
to similar studies by Frank and co-workers in healthy 
young and elderly persons [77,72]. The results for the 
patients who had pulmonary disease besides spondylitis 
are not included in the calculated averages. Maximum 
inspiratory and expiratory airway pressures were 
measured (beginning at the maximum expiratory 
and inspiratory positions, respectively) with an 
aneroid manometer attached to a mouthpiece with a 
high grade obstruction. 

Measurements of minute volume of ventilation, 
Vo, and Pao, were made during quiet breathing 
after the patient had rested in a chair for fifteen 
minutes. The values were compared with those of 
eleven healthy subjects studied in our laboratory. For 
measurement of carbon monoxide diffusing capacity 
of the lung (D,,,,) the following additional procedure 
was carried out. An indwelling needle was placed in 
the brachial artery. A sample of blood for O2 analysis 
was taken prior to the CO inhalation. The D,,,, was 
then measured by the steady state method of Filley, 
MacIntosh and Wright [/3] as modified by Marks et 
al. [74]. This consists of a seven minute period of 
inhalation of 0.1 per cent CO (in air) and collection 
of expired gas into a well washed Douglas bag during 
the last four minutes of this period. There was con- 
tinuous sampling of air from the respiratory valve 
through a Beckman infra-red CO: analyzer with 
microcatheter cell (for measurement of end-tidal 
Peo,) into the Douglas bag. During the four-minute 
period of gas collection, arterial blood was drawn 
and promptly analyzed for CO, content and pH. 
Expired gas was analyzed for CO: and Oz by the 
Scholander one-half cubic centimeter method [75]. 
The CO concentration of expired air was measured 
with a Beckman infra-red CO meter. No correc- 
tion was made for the influence of carbon dioxide on 
the infra-red CO analyzer. Arterial CO tension was 
not measured. Gas volumes were measured in a 
Tissot spirometer, and correction was made for the 
volumes used in analysis. Alveolar oxygen tension 
(Pao) was calculated by the alveolar air equation. 

Blood pH was measured with a Beckman Model G 
meter at room temperature and corrected to 37°c. by 
the factors of Rosenthal [76]. Carbon dioxide and O, 
content and QO: capacity were measured by the 
manometric method of Van Slyke and Neill [77]. 
Plasma CO, content was calculated from the whole 
blood COs, content by correction factors involving 
hematocrit [78]. Carbon dioxide tension was cal- 
culated by the Henderson-Hasselbalch equation. 


RESULTS 


History, Physical Examination, and Roentgenograms 
of the Chest. A summary of pertinent clinical 
findings is given in Table tr. 


Half of the patients reported that, on coughing 
and sneezing, they experienced thoracic dis- 
comfort. This was described in various ways: 
a tight feeling in the chest, a pressure in the 
upper anterior thorax, an exaggeration of a 
persistent ache between the shoulder blades, or a 
distressing, bone-shaking pain particularly se- 
vere upon sneezing. Only one patient (Case 2) 
experienced chest pain during pulmonary 
studies. 

In Cases 9 and 16 mild dyspnea on exertion 
was reported; two patients (Cases 12 and 13) had 
severe, disabling dyspnea. In Case 12 rheumatic 
heart disease with predominant mitral valvular 
disease was apparent. In Case 13 there was 
marked pulmonary emphysema. The remaining 
twelve patients gave no history of dyspnea, but 
in ten cases arthritis limits their activity. : 

Six patients (Cases 1, 3, 6, 13, 15, 16), all of 
whom were heavy cigarette smokers, had a 
chronic cough, usually with little sputum. In 
Case 6 four episodes of pneumonia and one of 
influenza within the past ten years was reported. 
In Case 13 a history of two episodes of pneu- 
monia within the past six years was given. Ten 
patients had no history of acute pulmonary 
infections. 

All sixteen patients had immobility of the 
spine and markedly impaired mobility of the 
bony thorax. Posture had been maintained 
sufficiently erect to permit vision straight ahead, 
and in twelve of the patients (all except Cases 1, 
6, 12, 13) orthopedic treatment, consisting of 
exercises or casts, had achieved ankylosis of the 
spine in a position with a straightened dorsal 
curvature. In Case 12 residual scoliosis following 
a spinal fusion for collapse of a thoracic vertebra 
occurred. In Case 14 (who was seventy-four 
years old) there was mild pectus excavatum and 
osteoarthritis of the spine. Two patients had 
cyanosis; in Case 13 cyanosis occurred as a result 
of chronic pulmonary disease, and in Case 6 as a 
result of an apparently unrelated condition, 
hemoglobin M disease. Clubbing of the fingers 
was not found. Breathing was largely diaphrag- 
matic, the chest wall expanding little with effort 
(less than 3 cm. in circumference at the nipple 
line in all patients). Peripheral joint involvement 
was present in three patients. In Case 5 there was 
psoriasis with marked exfoliation. A faint aortic 
diastolic murmur was heard in one patient 
(Case 15), but this was of no apparent hemo- 
dynamic significance. 

Roentgenograms of the chest are summarized 
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TABLE I 
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PATIENTS WITH RHEUMATOID SPONDYLITIS 


Reported 
Duration of 
Case | Age (yr.) of Roentgenogram of Chest Pain | History and Physical Findings in Addition to 
No. | and Sex Symptoms the Chest on Sneezing Rheumatoid Spondylitis 
(yr.) or Coughing 
Patients with Rheumatoid Spondylitis 
1 49, M 10 Increased markings 0 Heavy smoker, chronic cough; gastric ulcer; 
| peripheral arthritis 
2 20, M 6 Clear + Mild anemia 
3 45,M 26 Clear ) Heavy smoker, dry cough; one attack of iritis 
4 42, M 14 Clear + Active mountain climber; asymptomatic 
5 51, M 40 Clear 0 Large sthenic build; psoriasis with generalized 
exfoliation; one attack of iritis; peripheral joint 
involvement 
6 58, M 18 Clear ) Heavy smoker, chronic bronchitis, four episodes 
of pneumonia and one of influenza during past 
ten years; chocolate blue lips; methemoglobin M 
7 23, M 7 Clear (at time of : Right apical infiltration of lung 5 months before 
studies) study; treatment with isoniazid and paramino- 
salicylic acid 
8 41,M 16 Clear 0 Mild smoker, no cough; four attacks of iritis 
9 47, M 2 Increased markings + Heavy smoker; mild dyspnea on exertion; pneu- 
monia at age 3 
10 41,M 146 Clear + Syphilis, treated 20 years previously; one brother, 
rheumatoid spondylitis; one brother, rheuma- 
toid arthritis; one attack of iritis 
11 43, M 3 Clear + Treated with cortisone during preceding 3 years 
Patients with Rheumatoid Spondylitis and Complicating Diseases 
12 48, F 29 Prominent pulmonary + Chorea at age 12; rheumatic fever at age 19; his- 
artery tory of gastric ulcer; fusion of spine after aseptic 
necrosis of dorsal vertebra, residual scoliosis; 
one attack of iritis; findings of rheumatic heart 
disease with mitral stenosis, mitral and aortic 
insufficiency; peripheral arthritis 
13 52, M 22 Marked increase in 0 Heavy smoker; chronic cough; bronchopneu- 
radiolucence of lung monia twice in past 6 years; severe dyspnea on 
fields; low, flat dia- exertion; cyanosis 
phragm 
14 74, M 12 Increased radiolucence 0 Pectus excavatum, mild; osteoarthritis of spine; 
of lung fields, low attack of iritis at age 24; attack of sciatica at age 
diaphragm 34 
15 47, M 7 Infiltration in left up- + Mild smoker; chronic cough with little sputum; 
per lobe and left faint diastolic murmur at left sternal border 
lower lung field, pleu- probably of no hemodynamic significance; lung 
ral thickening right lesions were found on routine chest roentgeno- 
apex gram after respiratory studies were completed 
16 47,M 14 Increased markings, 0 Heavy smoker, chronic bronchitis, heavy colds 


low diaphragm 


with persistent cough; influenza 249 months 
before study; cleft palate; pneumonia in 1935 


in Table 1. In seven patients (Cases 2, 3, 4, 5, 8, 
10 and 11) lung fields were clear. Between 
episodes of pneumonia the lungs of one patient 
(Case 6) appeared normal. Two patients (Cases 
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1 and 9) had increased markings of the lungs. 
In Case 7 a small apical lesion was discovered on 
initial examination, but five months later, at the 
time of the reported studies, the lungs were 


| | | 
| 
| | as | | 
| | 
| 
| | | 
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TABLE U 
VENTILATION DATA 
Maximum Vital Functional Residual Total s 
Breathing | | C: | Residual Lung Ratio of Over- 
Age | Capacity | | | Capacity Capacity all 
(L./min.) ond Vital | | (L.) olume / 
(case (yr.) | | Canacity | Total Mix 
No.* and | be ing 
| total) Capacity 
te ee ee Ob- Pre- Ob- Pre- Ob- Pre- Ob- Pre- (%) (%) 
| served dicted | | served dicted served dicted served dicted served dicted ey 
Patients with Rheumatoid Spondylitis 
L 340,041 Bi 99 | 64 1.71 3.34 1.49 1.66 1.29 1.08 3.00 4.60 42 40.6 
2 20,M | 102 138 100 237 4.42 2.35 2.10 2.00 1.16 4.78 5.80 43 47.5 
3 |45,M! 120 103 95 ae 3.84 5:35 1.92 2.93 1.2 5.66 5.32 51 67.2 
4 105 123 | 2.76 4.08 4.10 2.01 1.31 5.47 48 44.2 
5 408 Mi $62 134 73 2.76 3.95 6.72 2.70 5.59 2.05 8.35 6.65 66 45.3 
6 |58,M! 78 96 70 2.84 3.86 1.65 6.70 59 23.6 
129 96 2.75 | 4.21 3.49 1.99 2.57 1.10 5.32 5.50 54 46.0 
8 |41,M) 127 110 100 2.50 1.84 1.50 2.20 4.48 5.10 33 
9 |47,M]{ 113 107 78 3.43 | 3.80 5.99 1.80 2.40 1.00 5.83 5.00 42 See 
10 |41,M | 64 128 44 3.58 | 2.17 4.18 2.07 2.67 1.34 6.25 5.74 43 44.3 
it: SS 109 66 4.14 1.88 3.03 1.22 5.28 5.22 57 47.7 
| | 
Mean 41.8| 95 116 1248) 2.78 1.40! 5.56 5.44 49 46.0 
Standard error +75 24.3 7 +6 | +0.15 | +0.10 | +0.45 +0.08 +043 +0.12 +041 +0.16 +3 +3.4 
of the mean | | | | 
| | | | 
Patients with Rheumatoid Spondylitis and Complicating Diseases 
13. 83 84 4.23 1.55 5.5 5.04 75 10.5 
14 |74,Mj| 124 81 3.31 4.35 1.81 4,55 5.64 5.03 50 45.7 
15 |47.M| 116 109 84 4.01 1.88 5.70 5.22 45 46.5 
16 |47,M!/ 69 96 61 3.67 3.06 1.81 | 1.18 4.52 5.04 53 40.0 


* Height, weight, body surface area are given in Table 111. 


clear. In Case 12 (the only woman and the only 
patient with rheumatic heart disease) a promi- 
nent pulmonary artery but clear lung fields was 
apparent. In Cases 13 and 14 there were low, 
flat diaphragms and areas of increased radio- 
lucence. In Case 15 extensive areas of infiltration 
in the left upper lobe and in the left lower lung 
field were found. In Case 16 there were increased 
markings in the lung fields and low diaphragm. 

Pulmonary Function Studies. ‘The data from 
studies in Cases 1 through 11 are presented in 
Tables u, ur and tv and illustrate the effects of 
rheumatoid spondylitis on respiratory function 
when a minimum of complicating factors are 
present. Five cases (Cases 12, 13, 14, 15 and 
16) are tabulated separately in the tables be- 
cause factors, in addition to rheumatoid 
spondylitis, exist in these patients which make it 
difficult to assess the role of spondylitis per se. 
These additional factors are rheumatic heart 
disease with congestive heart failure (Case 12), 
severe pulmonary emphysema (Case 13), mild 
emphysema (Case 16), senile emphysema, pectus 
excavatum and osteoarthritis of the spine (Case 


14), and pulmonary tuberculosis with extensive 
infiltrations in the left lung (Case 15). These 
five patients are excluded from averages given in 
the text and tables and from comparisons with 
healthy subjects. It is not possible strictly to 
exclude additional pulmonary disease from the 
first eleven patients, since three patients (Cases 
1, 2 and 6) were heavy smokers with a chronic 
cough. In Table 1 the maximum breathing 
capacity, lung volumes and the over-all mixing 
index are given for sixteen patients. In Table m1 


the data on minute volume, Vo,, and Pago, for 
sixteen patients and eleven healthy subjects are 
given with calculated figures of ventilatory 
equivalent and alveolar ventilation. The data 
on mechanics of breathing in thirteen patients 
appear in Table tv. 7 
Vital capacity in Cases 1 to 11 was consistently 
reduced. By the t test the mean for the group was 
significantly (P = <0.001) below the value 
calculated from the formula of Baldwin et al. [7]. 
The fact that our subjects were seated and those 
of Baldwin et al. were supine does not alter the 
significance of this difference [79]. Our patients 
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628 The Lungs in Rheumatoid Spondylitis— 77ravvs et al. 
TABLE IV 
MECHANICS OF BREATHING 
Compliance End- Maximum Static | Maximum 
Cas Age | (ml./cm. H2O) Airway Expiratory Inspiratory Positive 
No. (yr.) | Resistance Transpulmonary Transpulmonary Airway 
| | (cm. H2O/L./sec.) Pressure Pressure Pressure 
| | Observed | Predicted * (cm. H2O) (cm. H2O) (cm. HeO) 
Patients with Rheumatoid Spondylitis 
0.196 0.097 2.9 1.9 14.3 
0.120 0.172 4.0 6.9 21.0 
4 |} 4 0.118 0.191 6.3 17.2 95 
6 58 0.121 0.148 2.2 4.5 
7 23 0.116 0.150 5.8 
8 42 0.121 0.131 a.2 5.6 24.1 143 
9 48 | 0.174 0.162 1.9 2.6 19.2 85 
0.166 0.200 2.4 20.2 125 
11 “a 0.499 | 1.9 1.5 17.6 147 
| | 
Patients with Rheumatoid Spondylitis and Complicating Diseases 
| 
12 48 | | 
14 | 0.119 0.155 10.6 
0.162 1.8 9.1 36.0 164 
16 | 48 | 0.135 0.142 2.6 5.1 17.0 
Mean for Six Youngest Patientst 
i 0.166 4.6 20.0 


| 


* Calculation of predicted value is by the formula: 


(0.00343 X height) — 0.425 (younger) 


(0.00343 X height) — 0.421 (older) 


Tt Cases 2, 4, 7, 8, 10 and 11. Average height = 171.5 cm. 


did not have a reduction of vital capacity much 
below about 50 per cent without evident disease 
in addition to spondylitis. Typically, two pa- 
tients (Cases 12 and 13), who had the lowest 
absolute and relative values of vital capacity, had 
severe additional disease. 

The mean one-second vital capacity in Cases 
1 to 11 was 79 per cent of the total vital capacity 
(the identical mean value of healthy persons 
in our laboratory), but there was a greater 
range (44 to 100 per cent) than we usually see in 
normal subjects (71 to 86 per cent). 

The mean maximum breathing capacity of 
the eleven patients was significantly lower 
(P = <0.05) by the t test than the mean values 


calculated for these patients from the formula of 
Baldwin et al., although three patients had 
normal values. 

Calculation of the air velocity index (per cent of 
predicted maximum breathing capacity divided 
by per cent of predicted vital capacity) in Cases 
1 to 11 gives a mean of 1.18 which is significantly 
higher (P = <0.02) than the mean of 0.99 for 
healthy subjects studied in our laboratory. 

For these eleven patients the mean total lung 
Capacity was approximately the same as the 
expected value. Residual volume was signifi- 
cantly higher (P = <0.005) than the mean 
value predicted. This results in a high mean 
ratio residual volume/total lung capacity of 
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49 per cent compared to the figure of 23.4 per 
cent found by Kaltreider et al. for age group 
thirty-eight to fifty years [8]. The mean 
expiratory reserve volume fraction of vital 
capacity (figures not given in the tables) was only 
slightly larger (41 per cent of observed vital 
capacity) than the normal value of 34 per cent 
found by Whitfield et al. in the sitting position 
[79]. Functional residual capacity was con- 
siderably larger than predicted (P = <0.001), 
reflecting the absolute increases in residual vol- 
ume and expiratory reserve volume. Intra- 
pulmonary gas mixing, expressed as the over-all 
mixing index was above 40 per cent in all 
but one of Cases 1 to 11, with a mean of 
46 per cent. This is well above the range of 
11.5 to 37 per cent mixing efficiency estimated 
by Bates and Christie in a group of twenty 
patients with emphysema [6], and comparable to 
normal values found by Gilson and Hugh-Jones 
[5]. Additional evidence of normal mixing can 
be seen in the close agreement between end-tidal 
‘alveolar’? Peco, and the arterial Peco, in five 
patients. This stands in contrast to one patient 
(Case 13), with severe emphysema, who had an 
arterial-alveolar Peco, difference of 7 mm. Hg, 
indicating an uneven ventilation-perfusion re- 
lationship. 

Steady state Dygo was measured in eight 
patients. The mean of values from six patients in 
the uncomplicated group was 16.6 ml./min./ 
mm. Hg, which is not significantly different 
from the mean of 19.5 ml./min./mm. Hg found 
by Marks et al. [74]. 


Minute volume, Vo,, Pago, and calculations of 
alveolar ventilation, ventilatory equivalent, 
respiratory exchange ratio and Pao, of the 
eleven patients are compared with correspond- 
ing values for eleven healthy subjects in Table 1. 
There are no significant differences in mean 
values for the two groups. It may be seen that 
in two patients (Cases 4 and 6) there was a 
Paco, above 44 mm. Hg. Among those patients 
in whom spondylitis was complicated by other 
disease, one patient (Case 14) had a high arterial 
Pco, of 51.8 mm. Hg. 

Arterial Pco,, measured in thirteen patients, 
compared closely (within 3 mm. Hg) with the 
end-tidal values except in three patients in 
whom the arterial value was 3 mm. Hg lower 
than the alveolar values. In these three patients 
the arterial value is assumed to be a technical 
error. Only one arterial hemoglobin Oz satura- 
tion was definitely low (90 per cent in Case 8) 
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without evidence of pulmonary disease in addi- 
tion to spondylitis. 

The results of the measurements of lung 
compliance, tissue and air flow resistance, trans- 
pulmonary pressures, and maximal expiratory 
airway pressures are given in Table iv. The 
eleven patients without primary respiratory 
disease have been separated from the five pa- 
tients with emphysema or complicating diseases 
of the lung. The predicted values for compliance 
were estimated from the data of Frank et al. for 
young |77] and elderly [72] adults. Because of the 
lack of adequate control data for persons be- 
tween forty-five and sixty-five years of age, only 
the data from six subjects forty-four years and 
under (average age thirty-six years) have been 
included in the averages used for comparison. 
In all but two of the nine patients who had no 
complicating pulmonary disease, the lung com- 
pliance was significantly lower (P = <0.01) 
than predicted. Similarly, if the data from the six 
younger patients are compared to the subjects 
(averaging thirty-four years of age) reported on 
by Frank [77], there is also a significant (P = 
<0.01) reduction in lung compliance. 

End-expiratory transpulmonary pressures 
taken at rest for these same six patients are 
similar to those reported by Frank (4.6 cm. 


~H.2O versus 4.2) [72]. However, the maximum 


static inspiratory transpulmonary pressure is 
significantly (P + <0.01) reduced in those pa- 
tients with spondylitis (20.0 cm. H2O versus 30.4). 

Measurements'of tissue and air flow resistance 
of the eleven patients with spondylitis uncom- 
plicated by primary pulmonary disease were, 
with one exception, within the normal range 
averaging 2.3 cm. H2O/L./second versus 1.9 
reported for younger and 2.8 for older normal 
adults [77,72]. 

Measurements in seven patients of maximum 
airway pressure on expiration and inspiration 
indicated significant reduction; average maxi- 
mum expiratory pressure in these patients was 
127 cm. H2O versus approximately 200 cm. 
H2O for controls; average maximum inspiratory 


_ pressure (data not included in table) was minus 


51 cm. H2O versus approximately minus 100 cm. 
H.O for normal persons. 


COMMENTS 


Rheumatoid spondylitis is accompanied by 
restriction of the lung which is secondary to an 
immobile bony thorax, produced by ankylosis of 
the spine and costovertebral joints. 
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The form of restriction seen in the patients 
with uncomplicated rheumatoid spondylitis is 
unique. It differs from other reported forms of 
restrictive pulmonary disease in that the total 
lung capacity is normal rather than reduced. 
The vital capacity is reduced, not only because 
of limited expansion but also because of limited 
relaxation or contraction of the chest from a posi- 
tion of relative hyperinflation at rest. Flexion of 
the dorsal spine, a normal part of full expiration, 
is limited. In the present series the chest cage 1s 
fixed in an inflated position at rest, with a mean 
functional residual capacity twice normal. This 
hyperinflation is due to fixation of the chest in an 
expanded position, which is secondary, at least 
in part, to the orthopedic treatment resulting in 
flattening of the normal dorsal curvature. 

In contrast to the present series, in those 
patients who have not had orthopedic manage- 
ment marked bowing of the dorsal spine often 
develops. The pathologic anatomy in such cases 
is described by Connor |/7| and can be seen in a 
recent reprinting of his illustration [20]: ‘‘The 
direction of the ribs was unnatural, for instead 
of terminating at the sternum in parallel semi- 
circles nearly horizontal, their extremities, 
where they reached the sternum, dipped so much 
down towards the hypogastrium as to touch the 
sides of the ossa illu.’ With this decrease in 
intercostal spaces, the resulting diminished 
lung volume is apparent. Two patients (Cases 1 
and 12) had the most marked dorsal curvatures 
of the spine, although none of our patients had 
the degree of bowing described by Connor. 

Earlier reports on pulmonary function in 
rheumatoid spondylitis have included only a few 
with complete data on lung volumes. Rogan 
et al. |27| described a series of patients with 
decreased total lung capacity and vital capacity, 
the residual volume being normal. Girard and 
Renzetti et al. |22| found reduced total lung ca- 
pacity and a small increase in residual volume. 
The present report stands in contrast to these 
previous studies in the finding of relatively nor- 
mai total lung capacity and strikingly increased 
residual volume and functional residual capac- 
ity. The reasons for these differences are not 
apparent from the data given, although it is 
possible that the lower total lung capacity in 
these reports is due to differences in position of 
rib fixation. 

The form of restrictive pulmonary disease 
described in the present paper is of great interest. 
The fact that the end-tidal transpulmonary 
pressures at rest are normal while the functional 


residual capacity is considerably increased 
indicates that there has been a loss of elastic 
recoil within the lungs. However, although there 
is some resemblance to obstructive pulmonary 
emphysema (high residual volume, functional 
residual capacity, residual volume to total lung 
capacity ratio and altered elastic recoil of the 
lung), there are fundamental differences; in 
spondylitis there is normal intrapulmonary gas 
mixing, a normal ventilation-perfusion relation- 
ship, a restrictive pattern of breathing (per cent 
of predicted maximum breathing capacity 
divided by per cent of predicted vital capacity is 
significantly greater than normal), normal one- 
second vital capacity, normal flow resistance, no 
air trapping, and, finally, no progression to 
hypoxia, hypercapnia, or cor pulmonale. It 
would be of interest to compare the gross and 
microscopic pathologic findings in the lungs of 
patients with spondylitis to those with idiopathic 
emphysema. 

In these patients with spondylitis a superficial 
resemblance to the changes in pulmonary func- 
tion occurring in old age is apparent (decreased 
vital capacity, increased residual volume, in- 
creased residual volume to total lung capacity 
ratio, altered elastic recoil within the lung). 
However, essential differences are again noted: 
total lung capacity is consistently reduced with 
aging, whereas total lung capacity may be nor- 
mal in spondylitis; functional residual capacity 
does not seem to change with age, whereas in 
treated spondylitis, it is increased [23]. Thus, 
the patients studied here illustrate another form 
of prolonged hyperinflation of the chest, occur- 
ring in young adults and apparently based on 
anatomical abnormalities of the thorax. 

Lung compliance in the tidal range is signifi- 
cantly reduced in the patients with spondylitis. 
With the present data it is impossible to say 
whether this reduction represents an intrinsic 
change in the lungs or merely is the change 
which one might normally expect when the 
tidal range of respiration is shifted to a larger 
lung volume. In any case, this decreased com- 
pliance must contribute somewhat to an in- 
creased work of respiration. 

The significant reduction in maximum static 
inspiratory transpulmonary pressures in spondy- 
litis must be, at least in part, related to fixation 
of the chest cage and the inability of the dia- 
phragm alone to produce normal maximal 
inspiratory pressures. Such a limitation in maxi- 
mal transpulmonary pressures will not lead to 
respiratory embarrassment as long as activity 
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is limited, but might be critical with exertion. 
The reduced performance of maximum breath- 
ing capacity may be related to this limitation. 
The reduction in maximum positive and nega- 
tive tracheal pressures represents a failure of the 
respiratory muscles to compensate for the 
abnormalities of the bony framework. The 
fixation of the ribs in an expanded position 
reduces the amount of potential intercostal 
muscle shortening for further inspiratory excur- 
sion. Whether or not the lack of exercise for 
these thoracic respiratory muscles, due to the 
patients’ lack of activity, is a contributing factor 
in their inadequate performance is uncertain. It 
is possible that the reduction in maximum 
tracheal positive pressure may result in ineffec- 
tive coughing and limit expectoration when the 
need arises. Cruickshank concurs [296]. 

The clinical consequences of rheumatoid 
spondylitis related to respiration are worthy 
of attention. In the process of ankylosis the 
patient is aware that his thoracic viscera are 
being slowly encased in a rigid bony frame. The 
course may be a painful one, extraordinarily 
so on sneezing and coughing. Dyspnea is rather 
uncommon. Our impression that pulmonary 
infections and chronic lung failure are not neces- 
sarily more frequent in spondylitis is supported 
by the recent study of Wilkinson and Bywaters 
[24] showing no difference in incidence of 
pulmonary complication between 212 patients 
with ankylosing spondylitis and 253 patients 
with rheumatoid arthritis [25]. Earlier reports 
|26-29a| attempting to show a relationship 
between rheumatoid spondylitis and the devel- 
opment of pulmonary infections are based on 
clinical impressions and lack convincing com- 
parative evidence. 

The degree of restriction in rheumatoid 
spondylitis is usually insufficient to produce 
alveolar hypoventilation at least under resting 
conditions. Patients with uncomplicated spondy- 
litis had a normal Pago,- Occasionally higher 
values are seen, possibly due to additional 
factors. For example, in Case 14, a seventy-four 
year old retired army colonel, there was a high 
arterial Pco, of 51.8 mm. Hg on an initial study. 
When the studies were repeated four months 
later he had increased his resting minute 
ventilation by 30 per cent and lowered the 
arterial CO, tension by 7 mm. Hg. The reasons 
for this fluctuation are not clear. In a mild step- 
ping exercise, one patient (Case 7) showed a rise 
in Pago, Of more than 5 mm. Hg. However, 
persistently elevated Paco, at rest was not 
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seen. In fact, progressive pulmonary insufh- 
ciency seems to be uncommon in rheumatoid 
spondylitis. 

In regard to the changes observed in vital 
Capacity, it is apparent that there must be a 
limit to the reduction of vital capacity which can 
be produced by immobilization of the bony 
thorax alone. Strapping the chest reduces 
vital capacity by about 30 per cent [30]. It is 
unlikely that complete rigidity of the bony 
thorax would reduce vital capacity by much 
more than 45 per cent, assuming that expiratory 
reserve volume contributes about 34 per cent of 
the total vital capacity | 79] in the sitting position. 
Once ankylosis and deformity of the spine is 
stabilized, the reduction of vital capacity becomes 
a static rather than a progressive abnormality. 


SUMMARY 


Sixteen patients with rheumatoid spondylitis 
are presented with studies of lung volumes, gas 
exchange and the mechanics of breathing, and 
are discussed as representing a form of restrictive 
pulmonary disease with hyperinflation of the 
resting chest cage. The restriction, and ap- 
parently also the hyperinflation, are the result 
of fixation of the chest in an expanded position 
by ankylosis of the spine and ribs. ‘The majority 
of patients exhibited a relatively straight spine. 

Eleven of the patients had no complicating 
cardiac or pulmonary diseases. In these the most 
significant changes were a reduction in vital 
capacity (70 per cent of predicted), a markedly 
increased residual volume and functional residual 
capacity, and a residual volume to total lung 
capacity ratio which averaged 49 per cent. In 
addition the elastic recoil of the lungs at resting 
mid-position was decreased. Although these 
findings resemble obstructive pulmonary em- 
physema, lung function was different in other 
respects: there were normal ventilation-perfusion 
relationships, normal intrapulmonary gas mix- 
ing, normal one-second vital capacity, normal 
flow resistance, no air trapping and a restrictive 
pattern of breathing. In addition, the total 
lung capacity was normal. 

Other significant consequences of the im- 
mobilization of the thoracic cage were a diminu- 
tion in the maximum static inspiratory 
transpulmonary pressure, diminished maximum 
positive and negative tracheal pressures, and 
a reduction in maximum breathing capacity. 

Painful sneezing and coughing, abdominal 
breathing and absence of dyspnea are important 
clinical features of rheumatoid spondylitis. 
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The restrictive disease of rheumatoid spondy- 
litis is usually not severe enough to produce 
alveolar hypoventilation. Pulmonary insufh- 
ciency and frequent pulmonary infections 
are not characteristic of uncomplicated rheu- 
matoid spondylitis, indicating that diaphrag- 
matic breathing is adequate to maintain normal 
pulmonary function, at least while activity is 
subdued. 
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The Spatial Vectorcardiogram in Left 
Bundle Branch Block and Myocardial 
Infarction, with Autopsy Studies’ 


N. DeEPASQUALE, M.D. and G. E. BuRCH, M.D. 


New Orleans, Louisiana 


T is still widely accepted that myocardial 
I infarction cannot be diagnosed in_ the 
presence of left bundle branch block. For 
theoretic reasons to be discussed later, the spatial 
vectorcardiogram should be helpful in_ the 
diagnosis of myocardial lesions, such as myo- 
cardial infarction, complicated by left bundle 
branch block. Accordingly, it was decided to 
review the vectorcardiographic records of pa- 
tients with left bundle branch block to deter- 
mine whether or not myocardial infarction could 
be detected in the presence of left bundle branch 
block from the spatial vectorcardiogram. 

Seventy-seven spatial vectorcardiograms from 
patients with left bundle branch block were 
available for study; of these seventy-seven pa- 
tients, twenty-four were autopsied. Fifteen of 
the autopsied patients were found to have myo- 
cardial infarctions. The study of the entire group 
of seventy-seven patients is the subject of another 
report [7]. The purpose of this paper is to present 
in detail the vectorcardiographic characteristics 
of left bundle branch block complicated by 
myocardial infarction for the fifteen. patients 
whose hearts were studied at autopsy. 


MATERIALS AND METHODS 


The spatial vectorcardiograms were recorded as 
previously described, employing the equilateral 
tetrahedral reference system [2]. Photographic re- 
cordings of the various plane projections as well as 
wire loop models of all the spatial vectorcardiograms 
were studied. The routine conventionally recorded 
standard leads, unipolar limb leads and precordial 
leads V, to Vz. were also studied. 

The fifteen patients ranged in age from thirty-three 
to seventy-two years with a mean of fifty-nine years. 
Ten were men and five were women; eleven were 


white and four were Negro. The clinical and autopsy 
data are summarized in Table 1. 


RESULTS 


Before describing the configuration of the 
QRS sE-loop for left bundle branch block com- 
plicated by myocardial infarction, it may be well 
to review the spatial vectorcardiographie pat- 
tern of uncomplicated left bundle branch block 
and of left bundle branch block with left 
ventricular hypertrophy as found in. this 
laboratory [7,3]. 

Uncomplicated Left Bundle Branch Block. Figure 
1 shows the spatial vectorcardiogram and 
electrocardiogram of a fifty-seven year old 
woman who was without clinically significant 
heart disease. Her electrocardiogram displayed 
transitory left bundle branch block. During nor- 
mal conduction (Fig. 1A) the electrocardiogram 
was normal, as was the spatial vectorcardiogram 
except for changes in the QRS sk- loop pre- 
viously described for aging [4]. 

During the left bundle branch block (Fig. 1B) 
the QRS sE-loop was displaced horizontally and 
to the left, superiorly and posteriorly, and was 
inscribed slowly in a counterclockwise direction. 
The T sE-loop was displaced 180 degrees away 
from the QRS sE-loop and to the right, inferior 
and anterior to the isopotential point. The T 
sE-loop. was not closed but was fused with the 
QRS sE-loop at the junction J which was to the 
right, inferior and anterior to the isopotential 
point. This displacement of the junction J in 
the spatial vectorcardiogram corresponds to the 
shift in the S-T segment noted in the electro- 
cardiogram (Fig. 1B). 

Left Bundle Branch Block with Left Ventricular 
Hypertrophy. Figure 2 shows the spatial vector- 


* From the Department of Medicine, Tulane University School of Medicine and the Charity Hospital of Louisiana, New 
Orleans, Louisiana. This study was aided by grants from the U.S. Public Health Service. 
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TABLE 1 
CLINICAL AND AUTOPSY DATA FOR FIFTEEN PATIENTS WITH LEFT BUNDLE BRANCH BLOCK AND 
MYOCARDIAL INFARCTION 
Thickness of 
Weight of | 
No Age (yr.) and Sex | Race Heart | Myocardial Surface Involved 
| (gm. ) Left Ventricle Right Ventricle 
(cm. ) (cm.) 
oe N 520 2.0 0.5 Anterior 
2 48, F N 580 2.8 0.5 Anterior 
3 54, M W 380 1.8 0.3 _ Anterior 
4 65, M N 780 i 0.3 _ Anterior 
5 iy W 500 2.0 0.1 Anterior 
6 G1, M W 601 1.6 0.7 Apical, posterior, septal 
7 66, M 610 0.6 Basal, apical, septal 
8 60, M W 434 1.4 0.4 _ Anterior, posterior, apical 
9 68, F \\ 700 0.3 Diaphragmatic, apical, septal 
10 33, M \\ 550 aia 0.4 _ Posterior, apical 
11 72, M \W 630 1.4 0.6 Posterolateral, apical 
12 43, M W 425 1.0 0.6 | Anterior, posterobasal, septal 
13 67, M \\ 393 0.9 0.3 _ Posterolateral, apical 
14 45,M W 576 is 0.6 | Posterobasal 
15 58, F N 320 Ras 0.5 | Posterior, apical 
| 
cardiogram and electrocardiogram of a sixty- Left Bundle Branch Block with Myocardial 
eight year old man with a long history of chronic Infarction. In general, the rotation and direc- 


renal disease and arterial hypertension. The 
(RS sE-loop was oriented to the left, superiorly 
and posteriorly, and rotated in a counterclock- 
wise direction in the frontal plane. The duration 
of the QRS si- loop was greater than 0.12 sec- 
ond. The loop had a wide elliptoid configura- 
tion, encompassed a large area, and displayed 
little or no distortion. In this patient the heart 
weighed 800 gm. and the left ventricle was 3 cm. 
thick. There was no myocardial infarction. Of 
the nine patients with left bundle branch block 
who did not have myocardial infarction at 
autopsy, six had left ventricular hypertrophy 
and all but one of these six patients had QRS 
sE -loops of this general configuration. The other 
patient also had a QRS sE-loop which was 
elliptoid in configuration, but it was oriented to 
the left, inferior and anterior to the isopotential 
point. The spatial vectorcardiogram in left 
ventricular hypertrophy with left bundle branch 
block and without left bundle branch block has 
been described previously in reports from this 
laboratory |3,5| as well as from others [6,7]. 

The T sE -loop and J in left bundle branch 
block with left ventricular hypertrophy had the 
same characteristics as described for uncompli- 
cated left bundle branch block. 


tion of the QRS si- loop in left bundle branch 
block complicated by myocardial infarction is 
similar to that described for left bundle branch 
block with left ventricular hypertrophy, the 
ORS sE-loop being inscribed slowly to the left. 
superiorly and posteriorly. (Fig. 3.) The T 
sE-loop was oriented 180 degrees away, to the 
right, inferiorly and anteriorly (Fig. 4), and was 
open, terminating at the junction J which was 
displaced to the right and anterior to the 
isopotential point. (Fig. 5.) However, the 
incidence of QRS sE-loops which rotated below 
the horizontal axis was greater in this series of 
patients with left bundle branch block and 
myocardial infarction than in previous studies 
of patients with left bundle branch block and 
left ventricular hypertrophy without myocardial 
infarction | 7,3]. 

' Five of the fifteen patients had infarcts of the 
anterior surface of the heart alone, while the 
remaining ten had combined lesions. (Table 1.) 
All the patients had left ventricular hypertrophy 
as well as left bundle branch block and myo- 
cardial infarction. 

Anterior myocardial infarction: Figure 6 shows the 
spatial vectorcardiogram of a patient with left 
bundle branch block and a large infarct of the 
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Fic. 1. Spatial vectorcardiogram and electrocardiogram of a fifty-seven year old 
white woman with transitory left bundle branch block. ‘The figure shows a normal 


QRS sE-loop and electrocardiogram during normal conduction (A). During 
left bundle branch block (B), the QRS sE-loop has the configuration often seen 


635 


in left bundle branch block. 


anterior wall of the left ventricle. (Table 1.) The 
QRS sE-loop of this patient was displaced 
posteriorly with almost none of the loop anterior 
to the isopotential point. The initial part of the 
loop was displaced away from the area of 
infarction and the QRS sE-loop was distorted. 
The QRS sE-loops for the other four patients 
with anterior myocardial infarction displayed 
the same general configuration. 

Combined myocardial infarction: Since the re- 
maining ten patients with left bundle branch 
block and myocardial infarction had extensive 
lesions which involved more than one surface of 
the heart it is not possible to describe a typical 
spatial vectorcardiographic pattern for this 
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group. However, one feature, which was com- 
mon to all and which has not been found on 
spatial vectorcardiograms of patients without 
infarction, was the marked distortion of the 
ORS sE-loop. For example, Figure 7 shows the 
spatial vectorcardiogram of a patient with 
extensive anterior, posterior and apical myo- 
cardial infarcts. The distortion of the QRS 
sE-loop is evident. Nevertheless, the general 
pattern seen in left bundle branch block was 
retained. 


COMMENTS 


Wilson and associates [8] considered that it 
was impossible to diagnose myocardial infarc- 
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Fic. 2. Spatial vectorcardiogram and electrocardiogram of a sixty-eight year old white man 
showing the typical configuration of left bundle branch block with left ventricular hyper- 
trophy. Note the smooth, undistorted QRS sE-loop and the horseshoe-shaped open T sE- 
loop. No infarct was found at autopsy. 
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Fic. 3. Magnitude and direction of maximal QRS sE vectors in fifteen patients with left bundle branch block and myo- 
cardial infarction. ‘The open circle indicates the mean. 


tion electrocardiographically in the presence of 
left bundle branch block. They argued that, 
when the intraventricular septum is intact, the 
potential of the left ventricular cavity is initially 
positive and therefore prevents the formation of 
Q and QS deflections which are important in 


the electrocardiographic diagnosis of infarction. 
Despite Wilson’s reservations, during the twenty 
years that followed his report many papers were 
published in which myocardial infarction was 
considered to be detectable electrocardio- 
graphically despite the presence of left bundle 
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Fic. 4. Magnitude and direction of maximal T vectors in 
nine patients with left bundle branch block and myo- 
cardial infarction in whom this parameter could be 
measured. The open circle indicates the mean. 


branch block [9-72]. Most of these reports dealt 
with Q waves in lead 1 and in the precordial 
leads recorded from the left side of the transition 
zone, or with the chance finding of intermittent 
normally conducted complexes which exhibited 
infarction patterns. However, Chapman and 
Pearce [73] presented systematic criteria by 
which myocardial infarction could be recog- 
nized from the electrocardiogram in the presence 
of left bundle branch block. These criteria in- 
cluded Q waves in leads 1, aV; and Vz in 
extensive anteroseptal infarction and rSR’ pat- 
terns in leads1, aV; and Vz and a notched S wave 
in the precordial lead to the right of the transi- 
tion zone in moderately extensive anteroseptal 
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Fic. 5. Spatial position of J in the patients with left 
bundle branch block and myocardial infarction in whom 
this parameter could be measured (eight in the frontal 
plane and nine in the sagittal plane). The open circle 
indicates the mean. . 


infarction. Posterior infarction was considered to 
be present when there was an R’ or notching of 
the R wave in lead aVz. Septal infarction was 
diagnosed by an initial notching of the S wave 
in lead aV;. Of the fifteen patients described in 
this report, four had myocardial infarction at 
autopsy which could not be detected from the 
electrocardiogram using the criteria of Chapman 
and Pearce. Furthermore, three patients with 
left bundle branch block and left ventricular 
hypertrophy in whom no infarction was found at 
autopsy had electrocardiograms which fulfilled 
the criteria for myocardial infarction. 
Theoretically, at least, it would seem that the 
time course of depolarization proceeding from 
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Fic. 6. Spatial vectorcardiogram and electrocardiogram of a patient with an anterior myo- 
cardial infarction. The early vectors are oriented away from the area of infarction and the 


QRS sE-loop is posterior to the isopotential point. Note the distortion in the loop. 
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Fic. 7. Spatial vectorcardiogram and electrocardiogram of a patient with myocardial 
infarctions involving more than one surface of the heart. Note the marked distortion in the 


ORS sE-loop. See text for details. 


the right side of the septum because of the pres- 
ence of left bundle branch block and progressing 


Go. Without Infarction 


\ 


4 / 


\ 


b With 


Infarction 


Fic. 8. Schematic representation of theoretic QRS 
sE-loops and electrocardiogram in left bundle branch 
block with a normal myocardium and in left bundle 


branch block with myocardial infarction. See text for 


detauls. 


through an essentially normal left ventricle 
would differ from the time course of a process of 
depolarization which progresses through a left 
ventricle in which large masses of muscle are 
rendered electrically inactive as a result of 
infarction. Therefore, were it possible to compare 
in detail the time courses of depolarization in 
patients with a normal myocardium and a local- 
ized lesion of the left bundle branch with the 
time courses of depolarization in those with left 
bundle branch block and myocardial disease, 
differences in these time courses should be 
recognizable despite the presence of left bundle 
branch block. (Fig. 8.) Fortunately, the spatial 
vectorcardiogram displays the time course of 
depolarization in fairly good detail. Figure 8 
shows a schematic representation of this concept. 
The loss of muscle and, in turn, electrical forces 
might be expected to produce distortions in the 
QRS si-loop such as were described and which 
can be seen in Figure 7. 

While the spatial vectorcardiogram in left 
bundle branch block has been _ previously 
described [3,6,74], reports of left bundle branch 
block complicated by myocardial infarction are 
rare. Deglaude and Laurens |75] described two 
cases, confirmed at autopsy, in which they con- 
sidered the vectorcardiogram to be diagnostic 
of myocardial infarction. They based their 
opinions primarily on the distortions found in 


the QRS sk-loop. Wenger and Hupka [76] 
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considered an initial anterior displacement of the 
QRS s£-loop followed by an abrupt posterior 
displacement to be the most important change in 
the spatial vectorcardiogram in posterior myo- 
cardial infarction. 


SUMMARY 


The spatial vectorcardiograms of fifteen 
patients with left bundle branch block com- 
plicated by myocardial infarction located at 
autopsy are presented. Distortions in the QRS 
sE-loops not usually found in patients with left 
bundle branch block without myocardial infarc- 
tion are described. A theoretic basis for the 
distortions in the QRS s£-loop due to myocar- 
dial infarction was suggested. Continued cor- 
relation of the spatial vectorcardiogram in left 
bundle branch block with autopsy studies should 
increase the usefulness of this type of tracing 
in the resolution of an extremely difficult prob- 
lem; namely, the detection of myocardial infarc- 
tion in the presence of left bundle branch block. 
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Hemodynamics During Induced Cardiac 
Tamponade in Man’ | 


Joun T. SHarp, M.D.,f IvAN L. BUNNELL, M.D., JAMES F. HOLLAND, M.D., 
GERAINT T. GriFFirH, M.B.{ and Davip G. GREENE, M.D. 


Buffalo, New Y. ork 


SMALL decrease in arterial pulse amplitude 

(in systolic, diastolic and pulse pressures) 
occurs On inspiration in normal persons. Kuss- 
maul [7] in 1873 applied the term ‘“‘pulsus 
paradoxus”’ to the accentuation of this phenom- 
enon which he observed in patients with 
pericardial disease. After calling attention to the 
exaggerated respiratory variation in the ampli- 
tude of the peripheral arterial pulse, he pointed 
out that, paradoxically, no such respiratory varia- 
tion could be palpated over the precordium. 
Clearly, the ‘“‘paradox’’ involved a uniform 
and unchanging precordial impulse in the face 
of a peripheral pulse which waxed and waned 
with respiration. This information notwith- 
standing, several who have written about peri- 
cardial disease | 2,.3,/0] have pointed out that the 
paradoxical pulse is really not paradoxical in the 
sense of a reversal of the normal phase or time 
relationship between respiration and the pulse.§ 
A tacit implication of such a statement is that 
Kussmaul was somehow mistaken about the 
phase relationship between respiration and pulse 
amplitude. As already pointed out, however, it 
seems clear that Kussmaul never had this sort 
of paradox at all in mind. While it is thus possible 
to exonerate Kussmaul of error in clinical obser- 
vation, his judgment in choosing the term 
‘‘pulsus paradoxus”’ can hardly be commended, 
since there can be little argument that it 
invites misinterpretation. Although any alterna- 
tive phrase is apt to be unwieldy, it would seem 


§ Parenthetically, the venous pulse phenomenon bear- 
ing the name of Kussmaul’s sign is “‘paradoxical’’ in the 
sense that the usual phase relationship between respira- 
tion and venous pressure is reversed: the venous pressure 
rises instead of falling on inspiration. 


to be desirable to use a phrase connoting some- 
thing of the exaggerated respiratory variation in 
pulse amplitude characteristic of the condition. 
We shall henceforth in this paper use the term 
‘exaggerated respiratory pulse variation,’ for 
reasons which constitute the principal subject of 
this communication. 

Since the experiments of Cohnheim [4] in 1889 
various observations on experimental animals 
and man have clarified the dynamics of cardiac 
constriction and pericardial tamponade. In 
1954 Isaacs, Berglund and Sarnoff [5], studying 
experimental tamponade in the dog, pointed out 
the importance of a lowered “‘effective ventric- 
ular filling gradient’? in producing the dimin- 
ished cardiac output which is characteristic of 
cardiac tamponade. Much earlier (1924) Katz 
and Gauchat [6] had explained, in a series of 
brilliant animal experiments strategically bol- 
stered by careful clinical observations, the 
exaggerated respiratory pulse variation showing 
how the effective left ventricular filling gradient 
was decreased during inspiration in tamponade. 
They showed that the tense pericardial sac with 
its fluid contents blocked to a great extent the 
transmission of intrathoracic pressure to the 
space surrounding the heart (pericardial space). 
By contrast, the inspiratory decrease in intra- 
thoracic pressure was well transmitted to the 
pulmonary capillaries and veins from which the 
left ventricle fills. Consequently, in response to 
the negative inspiratory intrathoracic pressure, 
the pulmonary venous pressure reflected com- 
parable swings of negative pressure, whereas the 
pressure surrounding the ventricles (intra- 
pericardial pressure) varied little with respira- 
tion. Therefore the difference between the 


* From the Department of Medicine, Buffalo General Hospital, The University of Buffalo School of Medicine, and 
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grants in aid from the American Heart Association and the Heart Association of Erie County. 
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Fic. 1. The top half of the figure represents the normal status in which changes in intrathoracic (pleu- 
ral) pressure are faithfully transmitted to both the pericardial sac and the pulmonary veins and 
capillaries; thus the effective filling gradient (E.F.G.) of the left ventricle changes only slightly 
through the respiratory cycle. The bottom half of the figure represents the situation in tamponade, in 
which changes in intrathoracic pressure are transmitted well to the pulmonary veins and capillaries 
but are transmitted poorly to the thickened and distended pericardial sac. Here the effective filling 
gradient (E.F.G.) of the left ventricle becomes much less during inspiration than during expiration. 


pulmonary venous pressure and the intraperi- 
cardial pressure was less during inspiration than 
during expiration; this difference between the 
pressure surrounding the left ventricle and the 
pressure in its filling reservoir represented the 
‘effective filling gradient’ of the left ventricle 
(or more accurately, if the possibility of diastolic 
suction is ignored, the upper limit of this gradi- 
ent). The response of the left ventricle to the 
inspiratory decrease in filling gradient was the 
diminished inspiratory stroke volume character- 
istic of pulsus paradoxus. This mechanism is 
shown schematically in Figure 1. 

To our knowledge the critical observations 
necessary to establish that this mechanism also 
operates in human subjects with pericardial 
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disease have not yet been made. It is the purpose 
of this communication to present such observa- 
tions. They were made on a patient with 
bronchogenic carcinoma with pericardial in- 
vasion. Rapid reaccumulation of pericardial 
fluid necessitated frequent needle punctures of 
the pericardial sac which were finally cir- 
cumvented by the introduction of an indwelling 
polyethylene tube into the pericardial sac. It 
was found that this tube was sealed to the peri- 
cardial sac well enough to allow pressure in the 
pericardial sac to be measured accurately. When 
a small volume of fluid was added to the peri- 
cardial space the pericardial pressure rose and 
fell back toward normal quite slowly (1 to 2 mm. 
Hg in ten minutes). This suggested that acute 
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Fic. 2. An oscillographic tracing taken during tamponade 
of (from top to bottom) lead mu of the electrocardiogram 
(E.C.G.), brachial artery pressure (B.A.), pulmonary 
artery pressure (P.A.), pulmonary artery wedge pressure 
(P.A.W.), and intrapericardial pressure (I.Pc.). Note 
the prominent respiratory variations in the B.A., P.A. 
and P.A.W. pressure tracings and the virtual absence of 
respiratory effects upon the intrapericardial pressure. 


and reversible tamponade experiments could be 
carried out. The clinical, physiologic and 
necropsy data in this case suggest that the 
abnormalities present combined the effects of 
pericardial constriction by tissue (in this instance 
malignant tissue) and of tamponade produced by 
filling the rather limited pericardial space with 
fluid. 


METHODS AND EXPERIMENTAL PROCEDURE 


Cardiac catheterization was conducted in the usual 
manner. Intravascular pressures were measured by 
strain gauge transducers and recorded on a photo- 
graphic oscillograph. ‘The cardiac output was deter- 
mined by the Fick principle, with sampling of mixed 
venous blood from the pulmonary artery and of 
arterial blood from the brachial artery. Expired gas, 
measured in a Tissot spirometer, was analyzed for 
oxygen and carbon dioxide in a Scholander micro- 
analyzer. Blood samples were analyzed by the method 
of Van Slyke and Neill. All pressure transducers 
were calibrated by mercury manometers at the begin- 
ning and end of the procedure. 

Following premedication with Nembutal® and 
Demerol® the patient was brought to the catheteriza- 
tion laboratory in the fasting state. A double-lumen 
Cournand catheter was introduced, its tip being 
placed in the right ventricle and its proximal lumen 
in the right atrium; these pressures together with the 
pericardial pressure were recorded. After repetition 
to assure that these pressures were stable and re- 
producible, the catheter was advanced to the pul- 
monary “‘wedge position,” the pulmonary wedge 
pressure being recorded through the distal lumen and 
the pulmonary artery pressure through the proximal 
lumen. A Riley needle was inserted into the left bra- 
chial artery, and the brachial artery pressure, pulmo- 


nary artery pressure, pulmonary wedge pressure and 
intrapericardial pressure were recorded simulta- 
neously with lead 1 of the electrocardiogram. (Fig. 2.) 
After measuring the patient’s minute ventilation and 
ascertaining that it as well as the heart rate and vascu- 
lar pressures were stable, the cardiac output was 
measured. Twenty minutes later the vascular pres- 
sures were recorded again and found to be un- 
changed from those previously recorded. This twenty- 
minute interval served as the control period. The 
control cardiac output was not repeated. Shortly 
after these observations, at intervals of two or three 
minutes (Fig. 3), 50 ml. increments of warmed saline 
solution were injected into the pericardial sac, before 
and after which vascular pressures and intrapericardial 
pressures were measured. 

In twenty-one minutes 250 cc. of saline solution 
were injected into the pericardial sac. At this point, 
because of the patient’s pallor, tachycardia and venous 
distention, no further filling of the pericardial sac 
was attempted. The cardiac output was redetermined 
at this time and the intracardiac pressures recorded 
again, together with intrapericardial pressures. The 
saline solution was allowed to remain in the peri- 
cardial sac for a period of twenty-four minutes during 
which time repeated observations of vascular pres- 
sures and pericardial pressure were made. At the end 
of this period, however, the patient began to complain 
of dyspnea, and rales appeared over both basal lung 
fields. The catheter was therefore withdrawn to the 
right ventricle and atrium, and after these pressures 
were recorded simultaneously with pericardial pres- 
sure, as much fluid as could be obtained (150 cc.) was 
aspirated from the pericardial sac. After thirty 
minutes, during which the patient experienced relief 
from his dyspnea, the vascular pressures were again 
recorded and the cardiac output estimated once more. 
Unfortunately the expired gas collection from the 
last cardiac output was lost, and only the arterio- 
venous oxygen difference is available. This terminated 
the experiment. 


RESULTS 


The results of the experiment are summarized 
in Figure 3. 

The Cardiac Output. With injection of 250 ml. 
of saline solution into the pericardial sac the 
cardiac output fell from 7.7 to 5.7 L./minute. 
The decrease in the cardiac index was from 4.9 
to 3.6 L./minute/M?. Inasmuch as the heart 
rate increased from 109 to 126 beats per minute 
in the interval between the estimations of cardiac 
output, the stroke volume fell to a greater extent 
than did the cardiac output, decreasing from 
71 to 45 ml. The expired gas collection from an 
intended third cardiac output measurement fol- 
lowing removal of the pericardial fluid was lost 
but it could be ascertained that the arteriovenous 
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Fic. 3. A graphic summary of the hemodynamic alterations during induced tamponade. See 


text for discussion. 
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Fic. 4. Redrawn tracings of pulmonary artery wedge 
(P.A.W.) and intrapericardial (I.Pc.) pressures before 
(above) and during (below) induced tamponade. The 
difference between these two curves represents the 
effective filling gradient of the left ventricle during 
diastole. During tamponade the difference between in- 
spiratory and expiratory gradients is markedly increased, 
the gradient appearing to be negative during the latter 
portion of inspiration in tamponade. Superimposed 
higher frequency variations due to cardiac activity have 
been smoothed out in redrawing. Baseline zeros and 
sensitivity are the same for both pressures. 


difference decreased from the tamponade value 
toward the previous control level; this suggests 
that the cardiac output rose again following re- 
moval of the pericardial fluid. The cardiac 
indices, both before and during cardiac tam- 
ponade, are above the usual resting level for this 
laboratory. However, the disseminated tumor 
may have increased the basal metabolic rate, a 
phenomenon known to occur in some patients 
with disseminated malignancy. Alternatively, 
pain and apprehension may have rendered the 
patient “‘non-basal.”? At any rate the oxygen 
consumption per square meter of body surface 
was increased during both cardiac output 
determinations (183 and 212 ml./minute/M?). 

Systemic Arterial Pressure; Respiratory Variation in 
Pulse Amplitude. With the injection of fluid into 
the pericardial sac and the accompanying rise in 
intrapericardial pressure the systemic arterial 
mean pressure fell somewhat, and the pulse pres- 
sure fell ‘to a slightly greater extent. The 
respiratory variation in systolic pressure was 
further exaggerated, increasing from 22 mm. Hg 
in the control observations to 39 mm. Hg at the 
height of cardiac tamponade. Prompt reversal of 
these changes occurred on withdrawal of the 
pericardial fluid. 

Pulmonary Artery and Pulmonary Wedge Pressures. 
In the pulmonary artery there was little change 
in the mean pressure and a moderate decrease in 
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the pulse pressure. At the same time the respira- 
tory variations in systolic and diastolic pressures 
of the pulmonary artery were somewhat greater 
during tamponade than during the control 
period, and approximately the same as the 
respiratory variations observed in the ‘“‘pul- 
monary artery wedge” pressure. For this reason 
the respiratory variations are presented in Figure 
3 only in the pulmonary wedge pressure and not 
in the pulmonary artery pressure. The pul- 
monary wedge mean pressure rose from 9 to 16 
mm. Hg; accompanying this rise was an increase 
in the respiratory fluctuations in this pressure 
which in the control period amounted to 9 mm. 
Hg and with tamponade rose to 15 mm. Hg. This 
was due almost entirely to a rise in the wedge 
pressure during expiration. (Fig. 4.) 

Intrapericardial Pressure. At can be seen that 
the intrapericardial pressure rose by approxi- 
mately 3 mm. Hg for every 50 ml. of saline solu- 
tion injected into the pericardial sac. The 
respiratory variation in the pericardial sac 
narrowed progressively with increasing peri- 
cardial pressure whereas respiratory pressure 
variations present in the pulmonary artery 
wedge (and presumably in the intrapleural 
space) widened progressively with the institu- 
tion of tamponade. 

Left Ventricular Effective Filling Gradients. ‘The 
“effective filling gradient’’ of the left ventricle 
during inspiration and expiration is shown 
graphically in Figure 3. This gradient was cal- 
culated by subtracting the pericardial pressure 
from the pulmonary wedge pressure during mid- 
expiration and during mid-inspiration. This 
value, as indicated earlier, is nearly the same as 
the diastolic gradient between the pulmonary 
veins and the ventricular cavity and must repre- 
sent the upper limit of this gradient, barring 
significant ventricular diastolic suction. During 
the ‘‘control’’ observations this gradient aver- 
aged plus 4 mm. Hg during inspiration and 
plus 8 mm. Hg during expiration. During 
tamponade, the inspiratory gradient varied 
between minus 1 and minus 5 mm. Hg and the 
expiratory gradient was plus 7 to plus 8 mm. Hg. 
Coincident with this widening of the difference 
between the inspiratory and expiratory gradients 
the inspiratory decrease in brachial artery 
systolic pressure changed from 22 to 39 mm. Hg. 

Right Atrial and Right Ventricular Pressures. 
The intrapericardial pressure was consistently 
below the atrial pressure and the ventricular 
diastolic pressure both in the control and the 
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tamponade state. The ventricular pressure curve 
in both states, although not showing the typical 
dip and plateau pattern described in constrictive 
pericarditis [7] and in tamponade [8], did sug- 
gest a protodiastolic dip with rapid rise in pres- 
sure in mid-diastole and a near-plateau late in 
diastole. 


COMMENTS 


Both before and after adding fluid to the 
pericardial sac there was a marked discrepancy 
between respiratory fluctuations in the pul- 
monary wedge pressure on the one hand and the 
pericardial sac on the other hand. This is shown 
diagrammatically in Figure 4 in which pulmo- 
nary wedge pressure and intrapericardial pres- 
sures only have been redrawn with the same 
baseline zero and with the same sensitivity in the 
control and tamponade states. There was clearly 
an exaggerated respiratory variation in the bra- 
chial artery pressure even in the control period, 
which is believed to be related to the thickening 
of the pericardial sac which damped and atten- 
uated the intrathoracic pressure during its trans- 
mission to the pericardial contents. Increasing 
intrapericardial pressure by adding saline solu- 
tion to the pericardial sac had the effect of raising 
the diastolic pressure levels in both atria and 
ventricles, decreasing the mean left ventricular 
filling gradient to some extent, and decreasing 
the inspiratory filling gradient even more. This 
resulted in a lowered cardiac output with 
diminution particularly of the stroke volume 
during inspiration, the period during which the 
effective left ventricular filling gradient was 
lowest and indeed appeared to be negative 
(retrograde flow would be prevented by the 
mitral valve). The observations presented appear 
to be similar to the phenomenon recently re- 
ported by Murphy, Meyer and Chase [9] who 
described two patients with constrictive peri- 
carditis and reversible congestive phenomena. 
Evidence was presented by them to indicate that 
fluid accumulation in and reabsorption from a 
rigid pericardial space was the _ responsible 
mechanism. 

It has been stated [70] that pulsus paradoxus 
occurs in the pulmonary artery as well as in the 
systemic arterial system. Although respiratory 
fluctuations were indeed seen in the pulmonary 
artery pressure in our Case, it is probable that 
these represented direct transmission of intra- 
thoracic pressure to the vasculature of the lung 
and not variations in the stroke volume of the 
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right ventricle. In support of this interpretation, 
we observed in the present case during tam- 
ponade that right atrial pressure varied little on 
inspiration and that these variations were /ess 
than those seen in the pericardial sac. The 
jugular venous pressure did not fluctuate 
appreciably with respiration. ‘Thus there was no 
evidence that the effective filling gradient of the 
right ventricle varied with respiration, as was 
true of the effective filling gradient for the left 
ventricle. At least in this case the mechanisms for 
inspiratory decrease in the pulmonary and 
systemic arterial pressures appear to be different. 

However, respiratory variations in the pul- 
monary wedge pressure were of greater ampli- 
tude during tamponade than in the control 
state. (Fig. 5.) This was true also of respiratory 
variations in the pulmonary artery pressure. 
These probably reflect an increased amplitude 
of intrathoracic pressure variation because of an 
increase in tidal volume (from 535 to 690 ml.) 
and aitered pulmonary mechanics. Pulmonary 
compliance is known to decrease and pulmonary 
resistance to increase when the ‘“‘pulmonary 
capillary”? pressure is increased, as in this study 
|77,/2|. In addition, the occurrence of dyspnea 
and pulmonary rales during tamponade strongly 
suggested an increase in pulmonary congestion. 

Katz and Gauchat [6], on the other hand, were 
able to demonstrate that variations in filling 
gradient occurred with respect to the right 
ventricle as well as the left ventricle, although 
these variations were small, of the order of 2 mm. 
of saline solution. 


CONCLUSIONS 


A study of the hemodynamic effects of 
pericardial tamponade is described in a patient 
in whom the epicardium and pericardium were 
involved by bronchiogenic carcinoma. ‘The 
necessity for frequent pericardial aspiration led 
to permanent cannulation of the pericardial sac, 
thus providing an opportunity to perform an 
acute tamponade experiment in man. 

Data are presented which indicate that a 
diminished “‘effective left ventricular filling gradi- 
ent’ during inspiration is responsible for the 
decreased inspiratory stroke volume and the 
exaggerated respiratory pulse variation char- 
acteristic of tamponade. Thus the mechanism 
for the exaggerated respiratory pulse variation 
suggested by Katz and Gauchat on the basis of 
animal experiments appears to apply in man. 

Although respiratory variations in the pul- 
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monary artery pressure were greater during 
tamponade than in the control period, the data 
indicate that the mechanism responsible for this 
is not an inspiratory decrease in the effective 
filling gradient of the right ventricle but simply 
transmission to the lung vasculature of greater 
pleural pressure swings. The probable reasons 
for greater amplitude of pleural pressure varia- 
tions in tamponade are hyperventilation and 
altered pulmonary mechanics due to pul- 
monary engorgement. 

It is suggested that the euphonious but mis- 
leading term ‘‘pulsus paradoxus’”’ be abandoned 
in favor of the phrase “‘exaggerated respiratory 
pulse variation.” 
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Asterixis in Non-Hepatic Disorders’ 


Harotp CONN, M.D. 


New Haven, Connecticut 


STERIXIS, which is generally known as the 
A ‘‘liver flap’? or flapping tremor, was first 
described by Adams and Foley in 1949 as a 
characteristic neurologic abnormality of im- 
pending hepatic coma [7]. This sign is usually 
elicited by having the patient extend the fore- 
arms horizontally and dorsiflex the wrists. ‘The 
appearance of sudden, rapid, arrythmic flexion- 
extension flapping movements at the wrists gives 
this phenomenon its colloquial name. Similar 
to and fro movements may occur on sustained 
positioning of the elbows, tongue, eyelids or 
fingers. Further observations suggested that 
these movements represent momentary lapses in 
the ability to maintain a posture, followed almost 
immediately by resumption of the original posi- 
tion. Electromyography has demonstrated a 
brief hiatus in the electrical activity of the 
contracted muscles which appears to coincide 
with the flapping motion. Adams and Foley 
coined the term asterixis (from the Greek 
sterigma) which literally means the inability to 
maintain a fixed posture |2|. This neurologic 
sign has come to be recognized as the trademark 
of impending hepatic coma. 

The syndrome of impending hepatic coma, 
which consists of impaired consciousness, aster- 
ixis, hyperammonemia and frequently fetor 
hepaticus, occurs in patients with severe hepatic 
parenchymal disease or can be precipitated in 
cirrhotic patients by the ingestion of ammonium 
salts, urea, a high protein diet [3], or the absorp- 
tion of blood from the gastrointestinal tract |4]. 
In addition, a variety of chemical compounds 
including acetazoleamide [5], chlorothiazide 
[6-8], methionine [9] and amphenone [/0-—72| 
may induce impending hepatic coma or a picture 
indistinguishable from it patients with 
liver disease. Furthermore, a variety of non- 
specific factors such as infection, surgical trauma, 
paracentesis, abnormalities of serum electrolytes, 
and the administration of narcotic, sedative or 
tranquilizing drugs may bring about “‘impend- 


ing hepatic coma”’ in cirrhotic patients [4,77,73}. 

Asterixis has also been observed in cerebral 
insufficiency of non-hepatic origin. Adams and 
Foley in their early descriptions reported it in 
patients with uremia, hypokalemia and poly- 
cythemia with heart failure [2,/4]. During the 
past decade asterixis has been observed in pa- 
tients with mental confusion or stupor in a 
variety of non-hepatic disorders. Most common 
among them is chronic pulmonary insufficiency 
with carbon dioxide narcosis | /5—/7]. It has been 
observed also in idiopathic steatorrhea, Whip- 
ple’s disease and other malabsorptive syndromes 
[4,78]. In one such patient it appeared to be 
related to the presence of magnesium deficiency 
[78]. It has also been described in uremia 
| 74,79,20|, bromide intoxication [27] and fol- 
lowing the intravenous administration of am- 
monium chloride {77,22}. 

The mechanism responsible for asterixis is 
unknown. The diversity of metabolic disturb- 
ances in which it is encountered argues against a 
single etiologic factor. The similarity of the 
electroencephalographic patterns in these differ- 
ent diseases, including hepatic coma |20,23,24], 
uremia [20,25], chronic pulmonary insufficiency 
[76,25| and other disorders [20,26,27], implies 
that this electroencephalographic pattern may 
arise from many causes. Perhaps many metabolic 
or toxic disturbances, each acting in a char- 
acteristic manner, may depress cerebral metab- 
olism and thus induce a non-specific syndrome of 
impaired consciousness, asterixis and electro- 
encephalographic slowing [/7|. The observation 
that decreased cerebral oxygen uptake occurs in 
hepatic coma [28,29], uremia [30-32] and other 
disorders [32-34] suggested that decreased 
cerebral oxygen utilization might be the factor 
common to all these diseases. 

The present study was undertaken to correlate 
asterixis with the clinical, biochemical and 
electroencephalographic findings in _ patients 
with both hepatic and non-hepatic disorders. 


* From the Medical Service of the Veterans Administration Hospital, West Haven, Connecticut, and the Department 
of Medicine, Yale University School of Medicine, New Haven, Connecticut. 
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TABLE I 


DIAGNOSIS AND PRECIPITATING FACTORS 


Asterixis—Conn 


Severity of 


Primary Diagnosis 
Delirium y g 


Case No. | 


Metastatic seminoma 


Pulmonary emphysema and fibrosis 
2 | Pulmonary emphysema and fibrosis 
3 2 Pulmonary emphysema and fibrosis 
4 2 Pulmonary emphysema and fibrosis 
5 l Pulmonary emphysema and fibrosis 
6 2 Bronchogenic carcinoma 
7 2 Bronchogenic carcinoma 
8 2 Cardiovascular arteriosclerosis 
9 2 Cardiovascular arteriosclerosis 

10 1 Bronchiectasis 

1] 3 None 

12 Chronic lymphocytic leukemia 

13 Laennec’s cirrhosis 

14 2 Hemochromatosis 

15 2 Laennec’s cirrhosis 

16 2 Metastatic cholangioma 


Precipitating Factors 


| COz narcosis; respiratory infection 
Pneumonia; narcosis 

Respiratory infection; O2; COz narcosis 
narcosis; Pacetazoleamide 

COz narcosis; ?acetazoleamide; ?chlorothiazide 
Broncial aspiration 

Pneumonia 

Congestive heart failure 
_Cheyne-Stokes respiration 

Septicemia, acute glomerulitis 
Glutethimide intoxication 

Septicemia 

| Rectal hemorrhage; hepatic necrosis 
_High protein diet 

_Chloral hydrate 

_ Hepatic metastases and infarction 
_Prochlorperazine toxicity 


* Graded 1 to 4. 


MATERIALS AND METHODS 


All patients were admitted to the West Haven 
Veterans Administration Hospital or the Grace-New 
Haven Community Hospital between February and 
October 1958. The diagnoses were established in these 
patients by the usual clinical, chemical and histologic 
criteria. (Table 1.) 

All seventeen patients were men who ranged in age 
from twenty-three to eighty-three years, with a mean 
age of fifty-eight. The twelve patients with non-hepatic 
disorders averaged sixty-two years. The primary 
diagnosis, precipitating cause and severity of the 
state preceding hepatic coma are presented in Table 1. 
Five patients (Cases 1 to 5) had pulmonary emphy- 
sema and fibrosis with ventilatory insufficiency. 
Two (Cases 6 and 7) had advanced bronchogenic 
carcinoma with partial obstruction of the airway. Two 
(Cases 8 and 9) had severe generalized arteriosclerosis 
with congestive heart failure which was responsible for 
their chronic organic psychosis. Three patients with 
cirrhosis were studied, one (Case 13) with severe he- 
patic necrosis, one (Case 14) with protein intoxication, 
and the third (Case 15) with chloral hydrate overdos- 
age. [he other five patients had miscellaneous diseases 
which included uremia (Case 10), glutethimide 
(Doriden®) overdosage (Case 11), prochlorperazine 
(Compazine®) intoxication (Case 17) and septicemia 
in a patient with lymphocytic leukemia (Case 12). 
In general these patients were seriously ill and more 
than two thirds of them have since died. These cases 
were complicated, and it is an oversimplification to 
attribute the flapping tremor to one facet of the dis- 
ease, for example, to prochlorperazine in a patient 
who also had a metastatic malignancy (Case 17). 


Brief case histories are appended to allow more 
complete analysis of these cases. 

The arterial hydrogen ion concentration was deter- 
mined with a Cambridge Model R pH meter. Arterial 
oxygen saturation was measured by either the 
Van Slyke and Neill manometric technic [35] or the 
Wood ear oximeter |36], and the data are so desig- 
nated. Liver function tests and serum protein deter- 
minations were made according to methods reported 
from these laboratories [37]. Blood ammonia was 
estimated by the technic of Seligson and Hirahara 
[38]. Blood urea nitrogen, blood sugar and serum 
carbon dioxide, sodium, chloride and potassium were 
performed by standard laboratory technics. Serum 
magnesium was estimated by a modification of the 
method of Orange and Rhein [39]. 

Electroencephalograms were recorded with the 
Grass Model 3D 8-channel apparatus. Abnormal 
electroencephalograms were arbitrarily classified into 
five grades (Fig. 1): grade 0: normal; grade I: unstable 
alpha rhythm with some random 4 to 6 c.p.s. waves; 
underlying fast activity was sometimes present; grade 
II: some alpha rhythm persisted but runs of medium 
voltage 4 to 6 c.p.s. activity were present; occasional 
2 to 4 c.p.s. activity; grade II]: almost continuous 4 
to 6 c.p.s. activity; grade IV: almost entirely high volt- 
age 2 to 3 c.p.s. activity. 

Studies were performed when asterixis was present. 
The patients displayed varying degrees of confusion or 
disorientation, but all were able to assume the asterixis 
test position. The mental status was graded as follows: 
grade 0: normal; grade 7: vague change in personality; 
euphoria, apathy or minimal confusion; grade 2: con- 
fusion, disorientation; grade 3: semi-stuporous but 
responsive; grade 4: comatose. 
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Fic. 1. A normal electroencephalographic pattern is shown in the upper left. The other electroencephalographic tracings 
were recorded from patients with asterixis. In the upper right is depicted the almost continuous fast activity observed 
in the patient with glutethimide intoxication. Progressively more abnormal patients (Grade 1 through Grade Iv), char- 
acterized by high voltage slow waves, are shown in the middle and lower portions of the figure. ‘The numbers indicate 


electrode positions. 
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‘TABLE 
BLOOD CHEMISTRY 


Conn 


I] 
DETERMINATIONS 


(‘ase Blood Urea 


Nitrogen 


Blood Sugai 


me./100 ml. 
(me./100 ml. 


— 


Clarbon Dioxide 


19 94 34 

4Q) 

36 

4 52 123 Z2/ 

26 45 

24 30 

123 33 

Sf) 24 

12 

24 
Z 102 26 

4 13 106 

4 3 26 

7 


( ‘hloride 


Serum Electrolytes 
(mkq./L. } 


Sodium Potassium Maenesium Clalcium 


RG 143 5.0 
93 144 4.8 
136 5.9 1.9 
90 138 4.5 2.0 4.6 
137 1.8 4.6 
96 144 2.0 
1O8 139 4.0 
106 142 
103 140 5.9 4 4 
102 139 40) 
90) 5.4 4.6 
90 122 1.9 4.4 
106 137 4.4 1.6 ‘2 
92 128 3.8 
134 5] 2:0 5.9 


A variety of neurologic abnormalities accompanied 
asterixis in these patients. In one (Case 3) a unilateral 
extensor plantar reflex, which was noted at the time 
asterixis was first detected, persisted until the flap 
disappeared. Ataxia and dysdiadokokinesia were pres- 
ent in patients with glutethimide toxicity (Case 12) 
and in ammonia intoxication (Case 14). In the latter 


patient Parkinsonian-like rigidity and a “‘pill rolling” 


tremor at rest were also noted. Varying degrees of 


muscle rigidity occurred in four other patients (Cases 
3, 9, 13 and 17). Transient dilatation of one pupil 
accompanied asterixis in one patient (Case 10). Mus- 
cle fasciculations were observed in three patients 
(Cases 6,9 and 10), usu 
able abnormalities of the central nervous system were 
observed at postmortem examination of those patients 
so studied. 


RESULTS 


Blood Che mistry (Jahle 


Blood sugar levels were within normal limits 


Determinations 
in nine of the eleven patients studied. Slight, 
transient hypoglycemia was observed in the two 
others. [The blood urea nitrogen content was 
greatly elevated in only one patient. It was 

sightly elevated in seven and normal in the 


The serum electrolytes were mildly deranged 
in many instances. Hyponatremia and hypo- 


chloremia occurred in three patients, two of 


whom had Laennec’s cirrhosis (Cases 13 and 15). 
In addition, compensatory hypochloremia was 
observed seven patients with respiratory 
insufhiciency. Serum potassium levels tended to 
be elevated or nearly so in the patients with 
respiratory acidosis. This finding is in keeping 
with previous observations Slight hypo- 
kalemia was noted in one of the cirrhotic pa- 
tients (Case 13) and minimal hypomagnesemia 
in another (Case 15). Serum calcium levels 
were normal except for a shght elevation in a 
patient with metastatic cancer (Case 16). 


Blood Gas Analyses (J able TTT). 


serum levels of carbon dioxide occurred in the 


Increased 


patients with inadequate pulmonary ventilation, 
but not in those with non-respiratory diseases. In 
fact, decreased serum CQ». content was ob- 
served in one patient with metabolic acidosis 
(Clase 10) and in another with respiratory 
alkalosis associated with hepatic coma (Case 12). 


We have not observed asterixis in normal sub- 


jects with voluntary respiratory alkalosis or pa- 


tients with the hyperventilation syndrome. 

The pH of the blood was abnormally low in 
five patients with respiratory acidosis (Cases 2 to 
6) and in one with renal decompensation (Case 
10). It was abnormally high in two patients 
with severe liver disease (Cases 14 and 17), in 
another with leukemia and infection (Case 12) 
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‘TABLE III 


MISCELLANEOUS 


DETERMINATIONS 


Arterial Oxygen 


Arterial Ammonia 


Venous Ammonia 


Arterial pH Saturation Nitrogen Nitrogen 
(%) (ug./100 ml.) (ug./100 ml.) 

7.4) 150 157 I 

2 7.36 78t 171 If] 

3 751 127 II 

4 7.24 81 * 133 103 

5 7.34 635* 207 201 | 

6 7.20 45* 173 144 

7 7.49 164 141 

T 153 114 I] 

9 84-92T 121 IV 
10 7.24 110 
11 7.40 96 * 145 136 Fast 
12 7.49 | 144 24 
13 7.42 89 * 153 147 II 
14 7.45 947 271 207 IV 
15 7.40 90 * 199 179 I 
16 947 101 
17 108 

Normal 7 .38-7 .42 96 100% 80-150 60-150 0 
7.34-7 .38 7 92-100t 

* Manometric determination. 

Ear oximeter. 

} Venous pH. 

and, inexplicably, in a fourth with bron- Venous ammonia levels were increased in 


chogenic carcinoma, hypoxemia and_ hyper- 
capnia (Case 7). | 

Severe hypoxemia was present in all eight 
patients with respiratory insufficiency. In addi- 
tion, mild degrees of arterial oxygen unsatura- 
tion were present in both patients with Laennec’s 
cirrhosis. This phenomenon has been previously 
observed in cirrhosis but has not been ade- 
quately explained [|4/,/2|. Another patient, an 
old man with Cheyne-Stokes respiration (Case 
9), exhibited a cyclic variation of arterial oxygen 
saturation which ranged from normal to 
markedly desaturated levels. Although confusion 
and asterixis were continuously present, they 
became exaggerated at the end of each apneic 
period and persisted for five to ten seconds after 
the oxygen saturation had begun to rise toward 
normal. A similar lag period between local 
anoxia and electroencephalographic changes 
has been noted in animal experiments | 43}. Short 
periods of oxygen administration did not alter 
the sensorium, neurologic abnormalities or 
electroencephalographic patterns in six of these 
patients (Cases 2, 5, 8, 9, 12, and 13). 
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only five patients and in only one was it greatly 
elevated. This patient (Case 14) had hemo- 
chromatosis and impending hepatic coma which 
apparently was precipitated by a high protein 
diet. Several patients with chronic pulmonary 
insufhciency had either high-normal or slightly 
elevated blood ammonia values. One of these 
patients (Case 4) had received acetazoleamide 
and another (Case 5) had _ received both 
acetazoleamide and chlorothiazide. Either of 
these drugs may interfere with ammonia 
metabolism and may cause increased ammonia 
levels [5-8,44,45|. Almost invariably the arterial 
ammonia levels were higher than venous am- 
monia concentrations in both patients with 
hepatic disease and those without. 

Liver Function Tests (Table IV). ‘The patients 
with liver disease had abnormal serum bilirubin, 
bromsulphalein retention and alkaline phos- 
phatase. These tests were essentially normal in 
the patients without hepatic disease except for 
increased bromsulphalein retention in patients 
with congestive heart failure. Serum albumin 
concentrations were decreased in both hepatic 
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TABLE IV 


LIVER FUNCTION TESTS 
Serum 
Bilirubin Brom- (Cephalhin Alkaline Serum Protein (gm./100 ml.) 
Coen (mg./100 ml. sulphalein Phosphatase 
No. Retention urbidity (Bodanskv 
1 min. | 30 min. 24 hr. | 48 hr — datas Albumin Globulin 
Protein 
2 0.21 ) 64 4+ 4+ 2.9 
2 55 {) 2.6 3.0 
0.4 2 5 Q.2 2.9 6.3 4.4 
| 6.8 2.9 3.9 
95 () 0.4 6.1 5.9 3.0 
2:3 20 2 4+ 4.9 5.9 
32 1.4 28 | + 2 >.6 
) 7 | 6.0 5.4 
13 25.8 17 4+ 4+ 0.8 9.6 6:3 4.0 
4 | + 2- 4.9 6./ 1.9 4.8 
3.4 38 | + 3.5 14.4 6.4 4.0 


* Subsequent determination. 


and non-hepatic patients, although lower values 
were found in the group with liver disease. Serum 
elobulin levels were slightly higher in the hepatic 
patients. 

Electroencephalography (lable Ill, Fig. 1). The 
electroencephalograms, with a single exception, 
showed a diffusely slow, non-specific pattern 
which was similar in the hepatic and non-hepatic 
croups. The electroencephalogram of the patient 
with glutethimide intoxication (Case 11) showed 
almost continuous 18 to 25 cycles per second 


ACTIVILYV. 


COMMENTS 


The pathogenesis of hepatic coma and other 
comatose states is not entirely clear. Although 
most cases of impending hepatic coma are at- 
tributed to ammonia intoxication, this explana- 
tion does not satisfactorily explain all cases of 
this syndrome. Indeed, an _ indistinguishable 
picture may be precipitated in patients with 
hepatic disorders by a number of medications or 
metabolic abnormalities which are not associ- 
ated with high blood ammonia levels. Similarly, 
impaired consciousness in uremia, pulmonary 
insufficiency and other types of coma is not fully 


understood. A more complete understanding of 
the mechanism of asterixis, which occurs in both 
hepatic coma and in these other disturbances of 
consciousness, may clarify our concepts of these 
disorders. 

The present group is comprised of patients 
with a variety of clinical disturbances in whom 
delirium and asterixis were observed. An analysis 
of the laboratory determinations which may be 
important in the pathophysiology of this 
syndrome appears to be a logical step in its 
evaluation. 

The concentration of blood ammonia 1s of 
obvious interest in this syndrome, since ammonia 
is of primary importance in the pathogenesis of 
hepatic coma. In only one patient, who had cir- 
rhosis with classic protein-induced impending 
hepatic coma, was the blood ammonia markedly 
increased. Slight elevations were also found in 
some of the patients with severe cardiopul- 
monary disorders. This has been observed pre- 
viously in patients with pulmonary disease 
16,17,46| and may be associated with cardiac 
failure which frequently accompanies it [47]. 
The performance of ammonia tolerance tests 
(3 gm. ammonium chloride administered orally ) 
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did not alter the neurologic picture in two of 
these patients (Cases 8, 9). Although ammonia- 
liberating compounds can cause this syndrome, 
it is apparent that neither such substances, nor 
high blood ammonia levels are essential! to its 
production. 

Hypercapnia has been thought by some to be 
responsible for the neurologic status in carbon 
dioxide narcosis |/6,45,49|. In this syndrome, 
however, it is difficult to delineate the effects of 
hypercapnia, anoxia, acidosis and increased 
intracranial pressure |50-55|. Each of these 
disturbances is present in chronic ventilatory 
insufficiency, and each is individually capable of 
altering brain metabolism and function. Neuro- 
muscular abnormalities similar to those observed 
in carbon dioxide narcosis may be induced by 
the inhalation of carbon dioxide [48|. In our 
series of patients, however, the carbon dioxide 
content of the blood ranged from abnormally 
low to abnormally high values. Similarly, the 
hydrogen ion concentration of the blood varied 
from severely acidotic to alkalotic. In one patient 
(Case 3) asterixis and confusion persisted despite 
gradual correction of the pH from 7.22 to 7.40. 
These results showed clearly that there is no sin- 
gle abnormality of the carbon dioxide content, of 
the pH, or of related physicochemical alterations 
which can be incriminated as the cause of the 
disorder in all of these patients. 

Arterial oxygen unsaturation was demon- 
strated in many of the patients in this series, but 
it Was not invariably present. Although it is cer- 
tainly possible that hypoxia fer se may give rise 
to the syndrome of delirium and asterixis, it 1s 
clear that hypoxemia is not the primary ab- 
normality in all of these patients. 

Only two derangements of the serum electro- 
lytes, hypokalemia and hypomagnesemia, have 
previously been directly associated with asterixis 
|14,18\. Low serum potassium levels were ob- 
served in one of our cirrhotic patients and low 
magnesium levels in another. Both of these 
electrolyte abnormalities are commonly seen in 
patients with alcoholic cirrhosis [356,57}. In 
neither of these patients did other clinical or 
laboratory findings indicate a profound deple- 
tion of these substances. We have observed 
asterixis, however, in other patients in whom 
hypokalemic metabolic alkalosis was the _ pri- 
mary disorder. Although serum electrolyte 
patterns were frequently abnormal in_ these 
patients, in none were they sufficiently deranged 
to attribute the neurologic disturbance to them. 
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Hypoglycemia, which may mimic hepatic 
coma, has been observed both in primary liver 
disease [55| and in congestive hepatomegaly [59]. 
Minimally low blood sugar levels were observed 
transiently in two of our patients but they did 
not appear to be clinically significant in either. 

Uremic coma may also simulate impending 
hepatic coma | /4,79,20|. Although the blood urea 
nitrogen was elevated in eight patients, only one 
patient (Case 10) had renal decomposition of the 
degree ordinarily associated with the symptoms 
of uremic coma. 

All of the electroencephalographic tracings 
except one showed diffusely distributed high 
voltage slow waves. [his pattern is characterized 
by bilateral synchronous delta and theta waves 
of increased voltage which progressively replace 
the normal alpha rhythm. Indistinguishable 
tracings occur in hepatic coma | /4,20,24), pul- 
monary insufficiency | 76,25], uremia | 20,25}, con- 
gestive heart failure [25] and sometimes in deep 
sleep |60,67|. Similar patterns have been ob- 
served in anemia [25], hypoglycemia [67-63], 
hypokalemia [20,24], Addison’s disease [64], 
hypothyroidism [65,66], alcoholic intoxication 
'25,61|, bromism [27], increased intracranial 
pressure |20,6/| and other diffuse cerebral dis- 
eases [20,24,25|}. Similar tracings have been 
induced in normal subjects by anoxia |64,67)| or 
hypercapnia [49,68] and in cirrhotic patients by 
the administration of ammonium salts [69], 
methionine [20] or chlorothiazide {6-8}. Tri- 
phasic waves, which have been thought to be 
almost pathognomonic of hepatic coma [23,24], 
were observed in some of our patients with both 
hepatic and non-hepatic diseases. 

The electrical activity of the brain as recorded 
in the electroencephalogram parallels the func- 
tional integrity of the brain | 25,66]. Each of the 
disorders discussed results in impairment of 
cerebral metabolism which is reflected by slow- 
ing of the electroencephalographic pattern. 
Some investigators believe that these slow 
records represent decreased oxygen utilization 
|20] and it has been shown that in hypoglycemia 
a fall in cerebral oxygen consumption accom- 
panies the appearance of delta waves [63]. The 
electroencephalogram may actually register a 
decrease in frequency before the less sensitive 
measurement of cerebral oxygen consumption 
falls and even before mental symptoms are noted 
'66|. Correction of the metabolic defect usually 
causes the mental state and the electroencephalo- 
gram to revert to normal [64]. Although the 
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absolute frequency of the electroencephalogram 
is not proportional to the disturbance of con- 
sciousness, the degree of slowing is thought to 
serve as a reliable index of cerebral insufficiency 
in the individual patient |66). Our findings sup- 
port this concept. 

The patient with glutethimide intoxication 
had a tracing which showed almost continuous. 
fast activity. An increase in the frequency of the 
electroencephalogram may occur during fever 
70\, after the administration of thyroxine [7/), 
quinacrine [66], dinitrophenol and in 
barbiturate intoxication. [The explanation for 
the fast activity in these situations is not clear. 
Ihe fast activity in this patient was thought to be 
analogous to the pattern seen with other sedative 
drugs. 

Although the failure to identify a= specific 
biochemical abnormality common to all these 
diseases does not exclude such an abnormality, 
it seems unlikely that the same basic metabolic 
aberration occurs in each of these diseases. It 
appears more likely that these diverse disorders 
may each interfere with a fundamental meta- 
bolic pathway at a different point, depending on 
the nature of the primary disease. 

Attention was first focused on anoxia as the 
responsible factor by several clinical observa- 
tions. The first of these was made in a patient 
without disease of the liver in whom lethargy 
and unilateral right-sided asterixis were observed. 
This phenomenon persisted for more than thirty 
hours until a right hemiplegia developed as a 
result of a cerebral infarction. This suggested 
that the hemiasterixis mav have represented 
localized anoxia of the brain. Subsequently, a 
patient with Cheyne-Stokes respiration (Case 9) 
was observed to have delirium and asterixis 
which were more marked at the end of each 
apneic period. These fluctuations again sug- 
gested that anoxia may have been responsible 
for the neurologic picture. Further support for 
this concept was derived from the observation 
that asterixis may disappear after the adminis- 
tration of oxygen | 735}. 

The brain derives its energy primarily from 
the oxidation of glucose. Insufficiency of this 
substrate or of the oxygen required for its com- 
bustion, or interference with the enzymes which 
catalyze its degradation impair this process and 
give rise to functional disturbances. Cerebral 
insufficiency may thus arise from hypoglycemic 
or hypoxemic states or circulatory disorders. 
Many drugs such as alkaloids, bromides or 
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aliphatic depressants reversibly block these 
enzyme systems. Although the exact mechanisms 
are unknown, uremia and hepatic coma are 
thought to interfere with enzyme-catalyzed 
reacuions. Most comatose states have been at- 
tributed to decreased cerebral oxygen utilization 
and this has been demonstrated in hepatic coma 
'28,29|, uremia [|30,3/|, diabetic coma _ {72}, 
alcoholic intoxication | 32), barbiturate intoxica- 
tion |32|, cerebral arteriosclerosis {34,35| and 
hypoglycemia | 73,74}. Although cerebral oxygen 
consumption in chronic pulmonary insufhciency 
is not greatly reduced |73!, there is litthe doubt 
that cerebral anoxia is of major importance in 
this syndrome. 

[It is apparent that the disease processes in 
which asterixis occurs are the same delirious 
states in which decreased cerebral oxygen 
consumption and diffusely slow electroencephalo- 
grams co-exist. These relationships indicate 
that arterial hypoxemia ts not the sole cause of 
these syndromes, but rather that it is merely one 
of many abnormalities which depress brain 
metabolism. It follows that any disease, drug or 
alteration of the internal environment which 
interferes with the metabolic processes of the 
brain may give rise to cerebral insufliciency 
and perhaps to asterixis. 

The neurologic mechanism responsible for 
this syndrome is unknown. Is it conceivable 
that depression of the reticular formation of the 
central nervous system could account for the 
neurologic picture seen in these patients? 

The ascending reticular system performs in- 
numerable integrative functions of the nervous 
system, and is especially concerned with the 
maintenance of wakefulness, the focusing of 
attention and the integration of sensory im- 
pulses |76|. The role of the descending reticular 
system is not as well defined, but it is important 
in the maintenance of muscle tone and posture 
and in the coordination of motor activity | 76-79]. 

Substances such as barbiturates and ether 
apparently produce anesthesia by causing a 
reversible functional block of the ascending 
reticular system {SO-82]. Anoxia [8/]|, hypo- 
glycemia [50,87], or hypercapnia [&3] may also 
selectively suppress reticular function, and 
induce non-specific slowing of the electro- 
encephalogram in animals. The inhalation of 
high concentrations of carbon dioxide may give 
rise to rhythmic movements of the extremities 
'48\ and may influence the deep tendon reflexes 
'84|. In addition, some ataractic compounds, 
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such as chlorpromazine derivatives, which 
appear to influence the reticular formation, 
may give rise to muscular rigidity, Parkinsonian- 
like tremor |85| and bizarre motor disturbances 
'86,87\. The neuromuscular abnormalities which 
accompanied asterixis In our patients are not 
dissimilar to those induced by experimental 
excitation or inhibition of the descending 
reticular formation. 

It is conceivable that the impaired conscious- 
ness, asterixis and other neuromuscular phe- 
nomena observed in various types of metabolic 
and toxic coma may be mediated by inter- 


ference with the reticular formation. Effects on 


other, non-reticular neural pathways cannot be 
excluded. 

The relationship of infecuon and fever to this 
syndrome also deserves comment. Iwo patients 
(Clases 10 and 12) had septicemia and a high 
fever at the time the flapping tremor was present. 
In one of these patients (Case 12) the delirium 
and asterixis persisted for only a brief period 
and closely paralleled the temperature curve. It 
recurred in this patient several months later, 
again associated with the fever of another 
infection. 

The explanation for the induction of this 
syndrome by drugs with various pharmacologic 
properties is not clear. After the administration 
of acetazoleamide, for example, drowsiness and 
sleep may occur in normal persons. In cirrhotic 
patients, however, confusion and asterixis are 
sometimes precipitated. With the administration 
of chlorothiazide, impending hepatic coma 
appears to be associated with a good diuretic 
and kaliuretic response, and seems prone to 
develop in those persons who have previously 
experienced impending hepatic coma |6]. It was 
suggested that the brains of patients who have 
recovered from impending hepatic coma might 
be more sensitive to many metabolic abnormali- 
ties, including hypokaliemia 

Sherlock [88| has emphasized that the clinical 
picture of hepatic coma is a non-specific one 
which may be simulated by many other dis- 
turbances. Several of these have been discussed 
here. This syndrome may be seen in otherwise 
normal persons with major metabolic derange- 
ments or after the administration of large doses 
of sedative or narcotic drugs. In patients with 
underlying disease of the liver relatively mild 
metabolic abnormalities or small doses of these 
compounds may precipitate this syndrome, sug- 
gesting that these patients are peculiarly 
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susceptible to metabolic insults. The induction 
of identical neurologic signs by similar abnormal! 
stimuli in patients with pulmonary, cardiac 
or renal disease broadens this hypothesis. It is 
probable that in such patients the brain is 
particularly susceptible to metabolic or toxic 
derangements. 


SUMMARY 


Asterixis, the flapping tremor, while char- 
acteristically seen in hepatic coma was observed 
in twelve patients without primary disease of 
the liver. All of these patients, who had chronic 
pulmonary insufficiency, arteriosclerotic cardio- 
vascular decompensation, uremia or other 
disorders, exhibited delirium of varying severity. 
Five additional patients with underlying hepatic 
disease and impending hepatic coma, each 
precipitated in a different manner, were also 
studied. 

Arterial hypoxemia was found in the majority 
of these patients, but was not uniformly present. 
Serum electrolytes, carbon dioxide content, 
blood ammonia concentration and hydrogen ion 
concentration were not consistently abnormal. 
Liver function studies were essentially within 
normal limits in the patients without disease of 
the liver. Electroencephalographic patterns 
were diffusely and non-specifically slow except 
for the patient with glutethimide intoxication, 
in whom it was abnormally fast. 

Asterixis appears to be a non-specific neuro- 
logic finding which may accompany organic 
delirium in a variety of metabolic or toxic dis- 
orders which interfere with cerebral metabolism. 

The similarity between the clinical findings in 
these patients and experiments in animals sug- 
gests that asterixis may result from metabolic 
interference with the function of the reticular 
formation of the central nervous system. 

The brain of patients with chronic hepatic, 
cardiac, pulmonary and renal diseases may be 
particularly sensitive to metabolic or toxic 
disturbances. 


APPENDIX 
CASE REPORTS 


CasE 1. J. P., a sixty-seven year old man who had 
a long history of pulmonary emphysema, fibrosis and 
inactive tuberculosis, was admitted to the West Haven 
Veterans Administration Hospital with severe dysp- 
nea, following an upper respiratory infection. The pa- 
tient had dyspnea and cyanosis and, although very 
apprehensive, he was grossly oriented. He had 
emphysema of the chest and diffuse expiratory wheezes 
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and rales were audible. There were no signs of con- 
heart failure. Neurologic examination was 
within normal limits except for asterixis and a left 
extensor plantar reflex. 
hepatic disease, and fetor hepaticus could not be 
detected. The neurologic abnormalities disappeared 
on the sixth hospital day as the patient improved on 
therapy with antibiotics, intermittent positive pres- 


ure breathing and bronchial dilators. 


Case 2. E. P., a sixty-four year old Negro with 
hronic asthmatic bronchitis and secondary emphy- 
ma was admitted to the Grace-New Haven Com- 


munity Hospital in deep coma. His respirations were 
shallow and irregular, and he was deeply cyanotic. 


His chest was hyperresonant, and decreased breath 


sounds and scattered coarse moist rales were audible. 
Clubbing of fingers was prominent. His cervical 
eins were distended. but there were no other signs 
cardiac or hepatic disease. ITracheotomy was 
respiration was supported in a 


Levarterenol! 


performed and 


respirator. was admunistered 


fortv-eight hours to maintain blood pressure 


normal levels. Asterixis was noted on the third 


aiter he had beg 


un to improve. He was awake 


and riented as to person and place, but drowsiness 
examination was otherwise 

normal limits. There was no fetor hepaticus. 
[he lapping tremor persisted for four davs at which 


time the biochemical studies were performed. 


Case 3. QO. C., a sixty vear old man, with pul- 
nonary emphysema and fibrosis, was admitted to the 
West Haven Veterans Administration Hospital with 
rogressive fever, dyspnea and confusion, secondary to 
in upper respiratory infection. His vital signs were 
orade fever. He was lethargic. 


confused and deeply cyanotic. His 


mal pt a iow 
nittentlv 
espirations consisted of short inspiratory gasps and 
prolonged expiration. His chest showed bat reased 


nteroposterior diameter, hyperresonance, inspiratory 
ind expiratory wheezes and rales. [There were no 
clinical signs of cardiac or hepatic disease. The retinal 
veins were engorged and the medial disk margins were 

irred. Neurologic examination was within normal! 


Nts aitnouegen tiie 


patient was not examined for 
Oxygen was administered intermittently 


iSterixis 
and luminal was given for sedation after which the 
yatient became stuporous. At the time asterixis was 
ed, the arterial pH was 7.22. Asterixis persisted for 
ays without other neurologic abnormalities, and 
; still present after his arterial pH had returned to 
rmal. Therapy consisted of antibiotics, inter- 
mittent positive pressure breathing, and the use of 


roncnoaiuators. 


CasE 4. W. C., a sixty-eight year old man with 
pulmonary emphysema and fibrosis, cor pulmonale, 


id arteriosclerotic cardiovascular disease. was 


admitted to the West Haven Veterans Administration 


There were no stigmas of 


Hospital with increasing dyspnea and somnolence of 
one week’s duration. During this period he had re- 
ceived therapy with digitalis, acetazoleamide, pheno- 
barbital and promazine (Sparine“). The patient was 
deeply cyanotic and he exhibited tachypnea and 
tachycardia. He had emphysema of the chest and 
showed decreased breath sounds and basilar rales. 
Cardiomegaly and ankle edema were present. He was 
disoriented. Except for depressed deep tendon reflexes, 
generalized weakness and the flapping tremor, his 
neurologic examination was within normal limits. 
Treatment with antibiotics and intermittent positive 
pressure breathing resulted in gradual improvement. 
The flap persisted for forty-eight hours. 


CASES. 
to have chronic pulmonary insufhiciency and fibrosis 


a fifty-six year old man, was known 


with cor pulmonale. Progressive shortness of breath 
was treated with acetazoleamide and chlorothiazide 
by his physician. He had severe headache, twitching of 
the extremities. and somnolence tor which he was 
admitted to the West Haven Veterans Administration 
Hospital. He was drowsy, but on awakening appeared 
normally oriented. Asterixis, which was the only 
significant neurologic abnormality, persisted for 
about forty-eight hours. His fundi showed engorged 
retinal veins but no papilledema. His chest was 
kyphotic. [The breath sounds were diminished with 
prolonged expiratory phase and crackling inspiratory 
rales. [The heart size was not increased. The liver 
was palpable 5 cm. below the right costal margin. 
Treatment, which consisted of oxygen, phlebotomy 
and digitalis, resulted in rapid improvement. 

Case 6. J. M., a sixty-two year old man with an 
inoperable carcinoma of the upper lobe of the right 


lung, was admitted to the hospital because of cough, 


back pain and rib pain. Shortly prior to admission he 
had had an episode of confusion after which an 
electroencephalogram showed a left temporal lobe 
focus compatible with a cerebral metastasis. Except 
for signs of an extensive tumor of the right upper lung 
field, physical examination was within normal limits. 
ne month after admission he was found in a semi- 
stuporous state, deeply cyanotic, with stertorous 
respirauion presumably due to airway obstruc- 
tion due to the aspiration of secretions. He gradu- 
ally became normally alert although he appeared 
euphoric. Asterixis was present. The right pupil 
was smaller than the left, but other neurologic 
findings were within normal limits. The patient 
died quietly twenty-four hours later. Autopsy showed 
an oat cell carcinoma which had metastasized exten- 
sively. There was a 2 by 2 cm. tumor replacing the 
right posterior clinoid process but there were no other 
intracranial metastases present. 


CasE 7. R. C., a sixty-six year old man with 
metastatic epidermoid carcinoma of the right upper 
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lobe, was admitted to the West Haven Veterans 
Administration Hospital. Dullness and diminished 
breath sounds over the right upper part of the chest 
and hepatomegaly were the only abnormalities noted. 
Staphylococcal pneumonia developed and he became 
severely dyspneic and cyanotic. A series of shifting 
cardiac arrythmias complicated the picture. As his 
condition grew worse, he became progressively more 
cyanotic and confused. Asterixis was noted, and it 
persisted until he died several days later. No other 
neurologic phenomena were detected. No autopsy 
was performed. 


Case 8. M. W., a sixty-three year old man, had 
hypertensive arteriosclerotic cardiovascular disease 
and cardiac decompensation for approximately seven 
years. The patient, in whom nocturnal disorientation 
and intermittent diurnal confusion had developed was 
admitted to the West Haven Veterans Administration 
Hospital because of these symptoms. Mild jaundice 
and fever developed in relation to the administration 
of meprobamate. A biopsy specimen of the liver 
showed chronic passive congestion. Asterixis was 
first noted at this time without other neurologic 
abnormalities. The flapping tremor was intermittently 
present until the patient's death about six months 
later. A moderate degree of urea retention was present 
throughout this period. Serial electroencephalograms 
showed abnormally slow patterns. Neither the mental 
state nor the electroencephalographic patterns were 
altered by the administration of oxygen. Many blood 
ammonia levels were normal and an ammonia 
tolerance test had normal results. Autopsy showed 
severe generalized arteriosclerosis with severe involve- 
ment of the vessels of the brain and heart. Multiple 
myocardial infarctions were found. The liver showed 
pericentral atrophy secondary to chronic passive 
congestion. 


CasE 9. A. B., an eighty-three year old man, had 
hypertensive arteriosclerotic cardiovascular disease 
and cardiac decompensation for eight years. The 
patient had been admitted to the West Haven Veter- 
ans Administration Hospital for anginal pain and 
paroxysmal supraventricular tachycardia. Cheyne- 
Stokes respiration was present. Signs of congestive 
heart failure were apparent. [he patient, throughout 
the hospital course, was drowsy and would period- 
ically lapse into light sleep. He was usually combative 
and unreasonable. He was oriented only to his own 
identity. Approximately two weeks after admission 
persistent asterixis was first noted. There were no 
other neurologic abnormalities except for fascicula- 
tions of the muscles of both forearms and involuntary 
twitchings of the extremities near the end of each 
apneic period. The flapping tremor, which was pres- 
ent throughout the cycle, was more severe at the end 
of the prolonged apneic period. Arterial oxygen 
saturation varied from 83 to 92 per cent by ear 
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oximetry. [he most severe asterixis occurred from 
five to ten seconds after the lowest oxygen saturation 
was recorded. An ammonia tolerance test had normal 
results and did not exaggerate the severity of the 
flapping tremor. The patient suddenly died several 
months after admission. Autopsy showed generalized 
arteriosclerosis with especial involvement of coronary 
and cerebral arteries. Old infarcts were found near the 
left internal capsule and in the right cerebellar cortex. 
Atrophy of the gyri and widening of the sulci were 
present. The liver showed chronic passwe congestion. 


Case 10. W. C., a sixty-one year old man, was 
known to have bilateral bronchiectasis. He was 
admitted to the West Haven Veterans Administration 
Hospital with gradually progressive shortness of 
breath and fever. Dullness to percussion, rhonchi, and 
musical rales were present bilaterally. There was no 
evidence of cardiac or hepatic disease. The patient 
showed clubbing of the fingers, but he was not 
cyanotic. Neurologic examination was within normal 
limits. Asterixis was not present. [he patient received 
therapy with penicillin, chloramphenicol and strepto- 
mycin without change in the fever. The blood urea 
nitrogen was found to be 172 mg. per 100 ml. On the 
twelfth hospital day the patient was drowsy and 
lethargic although he remained well oriented. 
Asterixis was noted without other neurologic 
abnormalities or fetor hepaticus. hese findings per- 
sisted until the patient died two days later. Post- 
mortem examination showed severe bilateral bron- 
chiectasis of the lower lobe of the lung with an 
extensive acute pneumonitis. The kidney showed a 
severe acute necrotizing glomerulitis, presumably 
embolic in origin. 


Case 11. W. F., a twenty-three year old student, 
was admitted to the West Haven Veterans Adminis- 
tration Hospital in deep coma after having ingested 5 
gm. of glutethimide (Doriden®) in an attempt at sui- 
cide. On admission to the hospital, physical examina- 
tion was within normal limits except for a blood pres- 
sure of 80/55 mm. Hg, absent deep tendon reflexes, 
and bilateral extensor plantar reflexes. He received 
levarterenol for several hours to maintain normal 
blood pressure. Twenty-four hours later he was 
drowsy but awake, oriented as to time and person, and 
spoke incoherently. Neurologic examination was 
within normal limits except for asterixis which was 
more severe on the right, dysdiadokokinesis, and 
ataxia. The Babinski reflexes were no longer present. 
The electroencephalogram showed continuous eight- 
een to twenty-five per second activity with many 
sharp wave discharges. [wenty-four hours later all 
clinical signs had subsided. 


Case 12. J. B., a seventy-one year old patient at 
the West Haven Veterans Administration Hospital, 
had chronic lymphatic leukemia. A urinary tract in- 


flection and bacteremia due to Pseudomonas aeru- 
ginosa developed. On the fifth day of the bacteremia, 
at a time when his temperature was 105°F., a flapping 
tremor was noted. Although the patient was fully 
oriented he was apprehensive and agitated and his 
span of attention was very short. Neurologic examina- 
tion was otherwise within normal limits. He was 
receiving prednisone at this time, and prophylactically 
isonicotinic hydrazide for an old, apparently inactive 
tuberculosis infection; chlortetracycline and paren- 
teral neomycin were also administered for the bacterial 
infection. About six hours later, the temperature had 
dropped to 102°r. Although his mental state was 
unchanged, the flap was barely detectable. Twelve 
hours thereafter the patient, who was afebrile, was 


normal mentally, and the asterixis could no longer 
be elicited. Serial electroencephalograms showed a 


return toward normal over several davs. 


CasE 13. R.S., a forty year old alcoholic with 
decompensated Laennec’s cirrhosis, was admitted to 
the West Haven Veterans Administration Hospital 
with pneumococcal pneumonia. Although the pneu- 
monia responded to antibiotic therapy, the severity of 
the hepatic disease progressed and recurrent bleeding 


i 


from hemorrhoids occurred. Progressive confusion. 
disorientation, fetor hepaticus, and asterixis developed. 
At examination no other neurologic abnormalities 
were revealed. Despite blood transfusions, the admin- 
of neomycin and cessation of the intake 


protein. he became anuric. deeply comatose and 


hemochromatosis. was admitted to the West Haven 


Case 14 
ASE 


a sixty-four year old man with 


Veterans Administration Hospital with impending 


hepatic coma apparently following administration of 


high protein diet. On admission he was somnolent 
and grossly disoriented as to time, place and person. 
A flapping tremor was present. He had a mild pill- 
rolling tremor at rest. Dysdiadokokinesis was pres- 


ent, but no other neurologic abnormalities. Slight 


jaundice was present as was palmar erythema and 
hepatosplenomegaly. Fetor hepaticus was not de- 
rected. On elimination of protein from the diet and 
the administration of neomycin orally, his mental state 
improved. Within three days the asterixis had disap- 
peared, the elevated blood ammonia had returned to 
normal, and the electroencephalogram which had 
abnormal results had shown improvement. 


Cas—E 15. J. C., a thirty-nine year old man with 
alcoholic cirrhosis and a traumatic left hemiparesis, 
was admitted to the West Haven Veterans Adminis- 
tration Hospital with persistent bleeding from a facial 
laceration. He was dehydrated, hypotensive and 
deeply jaundiced on admission. Asterixis and mental 
shness fluctuated in severity for three weeks and 


SiUg PIS 


ecame progressively worse. It was found subse- 


rnen 
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quently that he had been surreptitiously taking an 
unknown number of Sominat® tablets (chloral 
hydrate and antipyrene) for “‘nervousness’ for about 
ten days preceding the aggravation of these signs. 
At the time the studies were performed his speech 
was incoherent and his manner intoxicated. He was 
oriented as to his own person but only vaguely to his 
environment. Neurologic examination showed only 
diminished deep tendon reflexes and a_ Babinski 
reflex on the left. Treatment which consisted of 
the administration of neomycin, elimination§ of 
protein from the diet and discontinuation of the 
hypnotic drug, resulted in progressive Improvement. 
A biopsy specimen of the liver showed Laennec’s 
cirrhosis with massive fatty infiltration. and active 


Necrosis. 


static cholangioma, was admitted to the West Haven 
Veterans Administration Hospital for terminal care. 
exhibited palmar 


a sixty vear old man with meta- 


The patient jaundiced, 
erythema, spider angiomas, ascites, abdominal col- 
lateral veins and hepatomegaly. He was well oriented. 
Neither fetor hepaticus nor flapping tremor was 
detected on admission. Two weeks later the patient 
had become lethargic, although he remained fully 
aware of his surroundings. Asterixis was detected at 
this time and persisted until his death three weeks 
later. Chloral hydrate, 1 gm. daily, was the only 
medication he was receiving before the appearance of 
the flap. The neurologic examination was otherwise 
non-contributory. Fetor hepaticus was not present. 
Autopsy revealed extensive metastatic cholangioma. 
There were many areas of infarction in the liver, but 
there was no evidence of cirrhosis. The brain was not 
examined. 


admitted to the West Haven Veterans Administration 
Hospital for terminal care for metastatic seminoma. 
During hospitalization he had continuous pain in the 
epigastric right upper areas of the abdomen, an 
enlarging, nodular liver, and subsequently, jaundice. 
Chlorpromazine which had been administered for 
several months was discontinued when the jaundice 
appeared. Prochlorperazine (Compazine*) and dex- 
tropropoxyphene (Darvon®) were employed. After 
one week of this therapy the patient became lethargic 
and mentally obtunded. Asterixis appeared without 
other neurologic findings. [he administration of 
prochlorperazine was discontinued without altering 
any other medication. The patient’s mental state 
progressively improved and the flapping tremor 
disappeared within thirty-six hours, accompanied by 
improvement in the electroencephalogram. When 
prochlorperazine was again administered confusion 
and asterixis reappeared. The patient died two weeks 
later. Autopsy revealed extensive metastatic involve- 
ment of the liver. 


a thirty-six year old man, was 
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The FII Ageglutinating Factors in Serums 
of Patients With Non-Rheumatic Diseases 


Davip S. Howe 


M.D., JANET M. Matcoim, PH.D. and ROBERT PIKE, M.D., 


WITH THE TECHNICAL ASSISTANCE OF BETTY BROOME. B:S. 
Miami, Florida 


UMULATIVE studies on the rheumatoid ag- 


olutinatine (RAF) 


immunologic disturbance and a possible linkage 


factor an 


suggest 


of the factor to the pathogenesis of rheumatoid 
arthritis |7}. An important unanswered question 
is whether RAF is produced primarily in the 


abnormal metabolic processes of rheumatoid 


arthritis and closely related disorders or whether 


th 
RAF may be evoked more broadly by various 
unrelated diseases. Positive agglutination reac- 


tions measured by various serologic methods 


have been reported at incidence levels of 70 to 


95 per cent in patients with rheumatoid arthritis 


2?—7\|. whereas only 1 3 


to 3 per cent 
positivity have been found in the majority of con- 


patients for tests, | 


trol populations 
yased on a diagnosis of certain 
non-rheumatic diseases, the frequency of false 


acelutinating in- 


creased. Thus Kunkel. Simon and Fudenberg |9° 


positive serums 1s. greatly 
found positive tests for RAF in six of sixty-one 
disseminated sarcoidosis 
| 70) 1] 
positive Cohn’s fraction m (Fir) tanned sheep cell 
tests in 140 patients with syphilis. In febrile 


patients with and 
Peltier and Christian noted per cent 


illnesses |77|) and virus infections |/2] positive 
serologic reactions for RAF were encountered. 


Cobb, Lincoln and Lincoln |73| observed a 


surprisingly high number of positive euglobulin 
latex tests in patients with peptic ulcer and essen- 
ial hypertension during a population survey. 


id 


The over-all frequency of positive reactions for 


t RAF as employed here refers collectively to one or all 


the human serum factors reactive with human 


levels of 


However. by selection of 


Or 


heterologous sensitizing globulins in Fi sheep cell test, 


if Lat » 


¢, sensitized sheep cell agglutination test, human 


| 
in ij alit 


1 the other agglutination systems described by 


RAF in patients with hepatitis was 16 to 30 per 
cent in various reports |8,/2,/4]}. 

The following study provides data on positive 
KR AF reactions in patients with hepatic disease 
and some other disorders. Also included are the 
results of serologic and physical-chemical studies 
on serums from six patients with low or moder- 
ate agglutinating titers in Fii-reactant systems. 
It is noteworthy that the agglutinating factors 
in with 
In 


non-rheumatic 
parameters 
measured, to RAF of rheumatoid origin. 


serums of patients 


diseases were simular. those 


CLINICAL MATERIAL AND METHODS 


From January, 1956 to April, 1959, serums were 
collected from 207 patients with acute and chronic 
non-rheumatic diseases on the medical and surgical 
wards of Jackson Memorial Hospital. The serums, 
stored at minus 20°c., were subjected at intervals to 
serologic tests for RAF. A_ retrospective hospital 
record analysis was made. Of the patients with posi- 
tive serologic reactions, those available were recalled 
for studies on fresh serum. 

The original Singer-Plotz (direct latex) test |2| was 
used for screening, as well as in the special studies. 
Additional or substitute tests for RAF were employed 
only if specifically mentioned. These include the Fu 
sheep cell (FuSC) test of Jacobson et al. [4], the 
sensitized sheep cell agglutination test (SSC) of 
Rose et al. |/5| and a ‘‘modified euglobulin” latex 
test |/6|. In the last test, euglobulin fractions pre- 
pared with dilute hydrochloric acid according to the 
method of Erickson et al. [77], were subjected to the 
latex procedure of Hall et al. [/8]. Precipitin curves 
using Cohn’s fraction m and fresh, whole serum were 
performed as described by Christian [/9|, with nitro- 
gen determinations by the Markham modification 
of the Kjeldahl! method |20|]. Euglobulin prepared by 
dialysis (Ziff et al. [5|) was used for precipitin curves 


performed as reported by Epstein, Johnson and Ragan 


* From the Department of Medicine, University of Miami Schoolof Medicine, Miami, Florida. This study was supported 
in part by Grant 2A-5038 from the National Institute of Arthritis and Metabolic Diseases, U.S. Public Health Service. 
+ Markle Scholar in Medical Science. 
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TABLE | 
AGGLUTINATION TESTS ON SERUMS OF TWO HUNDRED AND SEVEN PATIENTS WITH NON-RHEUMATIC 
DISEASE (JANUARY 1956 THROUGH APRIL 1959) 


Group B 
(miscellaneous) 


Group A 
(liver damage) 


Total No. — Patients with ‘Total No. Patients with 
Disorder of Patients | Positive Test Disorder of Patients Positive Test 
‘Tested Results * Tested Results * 
Acute hepatitis 10 3 Malignant tumors 16 3 
Portal cirrhosis 23 7 Leukemia + 2 
Chronic hepatitis 2 2 Chronic pyelonephritis 
Biliary lithiasis 6 Chronic pancreatitis 2 
Congestive hepatomegaly 2 Chronic cholelithiasis 4 I 
Adrenocortical adenoma ] 
Chronic idiopathic thrombo- 
phlebitis 1 
Other diseases 132 0 
‘Total 43 14 (32.6° Total 164 10 (6.1° 


*Fu Latex or Fir Sheep Cell Agglutination. 


majority of patients with liver disease and posi- 
tive agglutination tests suffered from acute viral! 
hepatitis or portal cirrhosis. In the non-hepatic 
disease group, malignant tumors and leukemia 
accounted for positive agglutination reactions in 
half of the patients. In a third group of 200 pa- 
tients with osteoarthritis, non-articular rheuma- 
tism and gout there were 3 per cent positive 


(2/). Fresh, whole serum was subjected to cold precip- 
itation by the technic of Svartz and Schlossmann | 22). 
Analytical ultracentrifugation was employed on fresh, 
whole serum as well as ‘sucrose fractions” using a 
Spinco Model E Ultracentrifuge. The sucrose frac- 
tions were prepared by density gradient ultracentri- 
fugation according to the method of Franklin et al. 
'23|, modified as follows: (1) 1.5 ml. samples of fresh, 
whole serum were layered over 2 ml. of 37 per cent 


sucrose in plastic tubes and rotated in a swinging 
bucket rotor at 32,500 revolutions per minute for 
four hours using a Spinco Model L Ultracentrifuge; 
(2) the bottom gelatinous fraction and two upper 
layers of liquid supernate were removed with a 
Spinco tube slicer; and (3) sucrose fractions were 
dialyzed against buffered saline solution (pH 8, 
uw = .16) and subsequently divided, a portion being 
used for direct latex tests and the remainder for 
analytical ultracentrifugation. Sedimentation con- 
stants were corrected to zero concentration, and 
protein content represented by the schlieren peaks 
were calculated from  planimetric measurements 
together with a_ refractive index determination 
|2/-28|. Continuous-recording ultraviolet spectrums 
were obtained on the ultracentrifuged fractions with a 
Beckman DK-2 spectrophotometer. 


RESULTS 
Clinical Survey. Fourteen of the forty-three 
patients with hepatic disorders and ten of 164 
patients with miscellaneous diseases had positive 
FiSC and direct latex tests. (Table 1.) The 
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reactions (unpublished observations). 

A survey of liver function tests on patients with 
positive serologic reactions is shown in ‘Table ti. 
At the bottom of the table are data on two pa- 
tients of Group B (A. Pr. and J. L.) without liver 
disease, included because of special studies. 
Among the fourteen with hepatic disorders, six 
were males. Their ages ranged from eighteen to 
eighty-four vears. The frequency of positive 
agglutination reactions in this small series was 
divided equally between patients with viral 
hepatitis and cirrhosis, the types of cirrhosis 
being portal, cardiac, postnecrotic and biliary. 
Except for two patients (S. B. and B. W.), suf- 
fering from duodenal ulcer and sickle cell 
anemia, respectively, no other serious active 
disease was detected. Follow-up studies neces- 
sitated by positive heterophil agglutination tests 
in one patient (G. F.) and positive reaction to a 
serologic test for syphilis in a second patient 
(R. T.) revealed no evidence of infectious 
mononucleosis or latent syphilis. Results of 
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Pic. 1. Fur precipitin studies on the serums of four patients with hepatic disease and positive Fu latex tests (dashed line), 
a patient with rheumatoid arthritis (solid line), and two normal subjects (dot-dash line). 


I... preparations obtained in the sixteen pa- 
tients were negative, with the exception of one 
patient (G. L.). Liver function tests were 
extensively deranged in a manner anticipated 
for patients with moderate to severe hepatic 
disease. Positive reactions for RAF were in the 
low range of 1:224, or less, by the FuSC and 
1:160, or less, by the direct latex method. * 
Special Serologic Studies. ‘Three of the four 
patients with hepatic disease (Table mu) had 
jaundice at the time of study, and the diagnosis 
was confirmed by autopsy or biopsy in all. Three 
patients with rheumatoid arthritis and three 
normal subjects served as controls in some ex- 
periments. Whole serum precipitin curves were 
similar in four patients with non-rheumatic 
diseases and in one patient with rheumatoid 
arthritis; no distinction of the individual curves 
in relation to direct latex titers was apparent. 


* These levels are lower than encountered in most 
patients with rheumatoid arthritis at this clinic. The 
majority with rheumatoid arthritis demonstrate a mini- 
mum FuSC titer of 1:896 and direct latex titer of 1:320. 
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(Fig. 1.) With euglobulin fractions of test serums, 
the precipitin patterns fell within the range of 
the serums of patients who suffered from rheu- 
matoid disease. (Table m1 and [27}.) The highest 
serum dilutions revealing a precipitate occurred 
with gamma globulin nitrogen levels of 0.53 to - 
0.13 mg. per 0.5 ml. The serums in two of five 
patients (E. N. and RA-2) gave bizarre curves. 

The specially tested serums were heated to 
60°c. in a water bath and removed at. intervals 
over a period of thirty to 120 minutes, with 
subsequent tests for RAF. (Table tv.) The serums 
of five patients with non-rheumatic disease had 
some loss of activity at 120 minutes, but one 
patient (G. L.) retained a high titer of RAF up to 
120 minutes, when congealing occurred. In the 
serums of all six patients, activity was lost or 
congealing appeared at 80°c. within a half hour. 
RAF activity persisted after storage for periods 
of two to twelve months in each patient except 
one (A. S.), in whom the titer fell by one tube. 
Repeated freezing and thawing of serum in two 
patients (J. L. and E. N.) also had no effect on 


[TABLE II 
PRECIPITIN REACTIONS BETWEEN FIL AND EUGLOBULIN 
FRACTIONS OF POSITIVE AGGLUTINATING SERUMS 


Patien Miaximum Dilution ot Euglobulin-Yielding Precipitat 
~ 
} 
rT) 
I ires are reciprocal of highest dilution of euglobulin-vielding 
Sf til On ( 
T Patients with rheumatoid arthritis 


the titer. [These findings are similar to those 
rted by Pike, Sulkin and Coggeshall [29 


for the serums of rheumatoid arthritic patients. 


repr 


L pon cold fractionation, Fit-agglutinating acuyv- 
itv was confined to the precipitate in all serums 
except that of one patient (G. L.), in whom only 
the supernate retained the agglutinating acuvity. 
lhe RAF in most of the ‘lupus’ serums studied 
by Svartz and Schlossmann failed to precipitate 
when the serum was diluted in cold water, in 
contrast to that reported for the serums in per- 
sons with rheumatoid disease. However, the 
presence of this factor in the supernate, as dis- 
cussed by Vaughan (7), may indicate a differ- 
ence solubility of agglutinating factor 


ascribable to serum proteins associated with 


TABLE 


FIT Ageglutinating Factors Howell et al. 


it rather than differences in the factor itself. 
HCl-cuglobulin latex titers were positive in all 
patients, but slight or variable activity in the 
SSC and FuSC tests was of particular interest. 
(Table 1.) 

Bilirubin solutions in concentrations of &meg. 
per cent were made up in saline solution buffered 
at a pH of 8, with 0.9 ml. buffer and 0.1 ml. of 
serum from patients (H. B. and E. N.). For 
these two patients a 2 and 5 tube reduction of 
liter, respectively, occurred in comparison to 
controls lacking bilirubin. 

( ltracentrifugation Studies. Specific agglutinat- 
ing activity (Table v) was increased approxi- 
mately five to 100 times by a single density gradi- 
ent ultracentrifugation. Agglutinating activity 
was confined to dialysates of the bottom gel laver. 
Blood pigments were restricted to the top layer 
on visual inspection. This finding, together with 
an inhibitory effect of bilirubin on the positive 
reacuons, makes it unlikely that the pigments. 
have any significant role in production of the 
positive agglutinations. Except in the two serums 
of two patients (P.S. and C. W.) the protein con- 
tent in the bottom gel was one-fourth to one-half 
7S and the remainder 19S material. Inasmuch as 
the upper layers contain a major fraction of 7S 
material, absence of Fit latex agglutinating factor 
in any except the bottom layer militates against 
its being a 7S component. A utter of 1:1280 
was found in the serum bottom laver of one 
patient (C. W.) which contained no detectable 


IV 


AGGLUTINATION TITERS IN RELATION TO TEMPERATURE EFFECTS, SERUM FRACTIONATION, AND 


DIFFERENCES OF 


SEROLOGIC METHOD 


e 
Whole Serum 
Du HC }l-Euglobu- Cold 
Hie of lin Latex Precipitable 
Preezin [iter (after Globulin 
(mo freezing Precipitate 
Neg mt) 12 26 e+e 
BO Ne 2 28 | Negative 112-NegativeT 14-Negative 
Neg é Negative 12 4) Negative | 
( 12 14 Negative 320 BIG 14-Negative 
Negative 1280 280 28 320 Negative 3584 896 
+0 Negative 0) 640 4 28 1280 Negative 3584 14-Negative 
MM ; Ne itive 640 | 640 2% 320 | Negative 14336 
B . ‘ ve | 1280 | 1280 12 28 160 Negative 7168 
r {lon sidere d nevative npecause of ine omplete agglutination af Titer 
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/S material. Considering the insensitivity of 


ultracentrifugal methods to detect small amounts. 
7S material may have been present in this layer. 
Small concentrations of 22S macroglobulins 
might have been present without detection in all 
of these low-titered serums. Traces of an S®soy 
peak of 37.5 and 28.4, were observed in two 
serums: however, small amounts of such rapidly 
sedimenting materials have been found oc- 
casionally under normal circumstances 
Ultraviolet spectral data (not presented) on the 
ratio of optical densities at 278 and 251 mu., mg. 
nitrogen were within the range expected 
for plasma proteins containing tyrosine and 
phenvlalanine. 


COMMENTS 


fawil and Wahab |30) were the first to pro- 
vide a substantial series of patients with hepatic 
disease and positive tests for RAF, although a 
number of sporadic cases previously were 
recorded |&|. To our knowledge, there have been 
no prior attempts to characterize the agglutinat- 
ing factors of such serums. The RAF in the 
Various serums tested here were similar to RAF 
of rheumatoid serums in respect to precipitin 
curves, stability at hot and freezing tempera- 
tures, and behavior of reactivity after various 
fractionation procedures. Kunkel observed a 
series of patients with sarcoidosis in whom the 
serum manifested a high titer of RAF. Not 
only was the age lutinating acuvity confined to 
the 19S fraction by density gradient ultra- 
centrifugation, but a 22S component similar 
to that present in high-titered rheumatoid 
serums was detected in one patient |9}. Peltier 
and Christian | 70) found the RAF of the serums 
of syphilitic persons in 19S fractions. Their 
precipitin curves of patients with syphilis 
using Cohn’s fraction If as reactant resembled 
curves of patients with rheumatoid arthritis; 
these curves and those demonstrated in Figure 1] 
for hepatic disease also are alike [ 70,79). Further- 
more, separate absorption of Wassermann anti- 
body and RAF from these serums failed to alter 
the tests for RAF and reagin, indicating the 
non-identity of these two factors | 70}. 

Despite this characterization of agglutinating 


factors in six patients, there is the possibility of 


non-specific agglutinating phenomena causing 
positive tests for RAF in the remaining 18 pa- 


tients. Positive reactions in low titers might 


result from differences in stabilizing factors. 


activity of complement and presence of con- 
slutinin Even in circumstances which 
tests for RAF result’ from similar macro- 
globulins, it is unlikely that reactivity can be 
attributed to a single agent. Although the data 
are incomplete (Table iv), failure of positivity 
in FuSC and SSC systems of certain serums sug- 
gests a lack of identity of RAF among them. 
Differences in reactivity of RAF depending 
upon the sensitizing globulin and agglutinable 
particle have been well catalogued [3/,32). 
Lospolluto, Lewis and Ziff (33) separated RAF 
by ion exchange chromatography into two 
distinct purified macroglobulins. Whereas both 
fracuions reacted in the tanned sheep cell system, 
only one reacted to the SSC test |33). The former 
but not the latter RAF fraction was detected in 
serums of patients with liver disease. Heimer et 
al. (34,35) absorbed onto sensitized 
sheep red cell stroma. Supernates from. their 
procedure contained at least three macro- 
globulins which were reactive in tanned FuSC 
tests and were distinguishable from the macro- 
globulin eluted from the stroma. Inasmuch as 
most of the positive reactions in non-rheumatic 
diseases have been obtained with Fir technics, it 
may be conjectured that the macroglobulin 
adsorbed on the stroma of sheep cells is the 
more specific for rheumatoid arthritis. 
Although the frequency of tests with positive 


results based on small numbers of patients may 


be misleading, it is likely that this incidence 
is higher in patients with specific diseases of the 
liver than with syphilis. sarcoidosis, malig- 
nancies, leukemia or other disorders thus far 
studied. The factors effecting this high rate of 
positive agglutination reactions in disease of the 
liver are unknown. Abnormalities of serum 
proteins reflected in the electrophoretic patterns, 
in the results of thymol turbidity and cephalin 
flocculation tests not only are the hallmark of 
hepatic disorders but frequently occur in 
rheumatoid serum Investigators have 
given considerable attention to the possibility 
that a liver derangement is involved in_ the 
pathogenesis of rheumatoid arthritis because of 
these serologic similarities and the frequent 
presence of ‘‘liver palms” |36]. The finding of like 
Fit-agglutinating factors in hepatic diseases 1s 
consistent with this thesis but most evidence does 
not support it. The frequency of hepatic disease 
in patients with rheumatoid arthritis reported by 
Short et al. did not exceed the frequency of 
hepatic disease found in a control group [37]. 
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No convincing evidence of significantly altered 
function of the liver has been noted [38] nor have 
any characteristic histologic lesions in the livers 
of patients with rheumatoid arthritis been found 
at postmortem examination |39,40,47)\. Further- 
more, in two publications, biopsy specimens of 
the liver in a total of fifty patients with rheu- 
matoid arthritis revealed cirrhosis or hepatitis in 
only three [4/,42). Of interest in this connection 
is a group of patients reported by Bearn, Kunkel 
and Slater [43] with chronic hepatitis and 
polyarthritis which was indistinguishable in 
certain instances from rheumatoid arthritis. 
Tests for RAF were not reported but possibly 
there may be a relationship of the arthritis in this 
syndrome to classical rheumatoid arthritis. 

Another consideration is that among the 
patients with disorders of the liver and positive 
Fit-agglutinating serums the disease entity 
most commonly encountered has been viral 
hepatitis [4]. It must not be overlooked that 
among the group of patients diagnosed as having 
chronic hepatitis or cirrhosis there is the possibil- 
ity of a viral carrier state [44,45]. However, a 
growing list of non-viral diseases such as essen- 
tial hypertension, peptic ulcer and syphilis inter- 
dicts the suggestion of more than a limited 
relationship to viral agents | /0,/3). 

Finally, the consideration that the Fu-ag- 
glutinating factors produced in liver disease 
are antibodies warrants mention. The anti- 
genic stimulus hypothetically includes the 
following: (1) a viral agent or other foreign 
organism; (2) an interaction product of invading 
organisms and host tissues; and (3) normal or 
altered host tissues not previously exposed to 
antibody-producing cells until the time of 
disease, according to Burnet’s self-marker theory 
46). The principal arguments for the view that 
RAF may constitute antibodies are discussed in 
detail by Vaughan [32]. Evidence favoring this 
view derives from immunologic studies of RAF, 
teleological considerations, and the detection of 
other factors reactive with human tlssues in 
serum of patients with different diseases |/). 
Such autoreacting agents have been detected 
in thyroid disease [47,48], hemolytic diseases [49] 
and systemic lupus erythematosus [50|. Also, 
MacKay and Gajdusek produced evidence 
for the development of complement-fixing anti- 
bodies to ground liver fractions from patients 
with chronic hepatitis. Three of these patients 
had postnecrotic cirrhosis, ascites and other 
evidence of advanced liver derangement follow- 
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ing acute viral hepatitis {57}. These patients had 
positive L.E. preparations, such as mani- 
fested by one patient (G. L.) in the present 
study. In addition to the lupus erythematous 
factor, the serum of this patient contained 
complement-fixing antibody to nucleoprotein 
(titer 1:16), antibody to mouse liver nuclei, 
and Fu-agglutinating factors detected by latex 
and sheep cell methods. At autopsy there 
were no gross or histologic signs of systemic 
lupus erythematosus. It should be emphasized 
that the presence of such autoreacting fac- 
tors may bear only a distant relationship 
to those processes causing tissue damage, 
inasmuch as no demonstration of self-injury 
by these materials has been reported [7]. 


SUMMARY AND CONCLUSIONS 


1. Fourteen of forty-three patients with a 
variety of hepatic diseases and ten of 164 
patients with various chronic and acute in- 
flammatory diseases revealed agglutinating se- 
rums in Fr sheep cell or Fit latex tests. The 
majority of patients with positive agglutinations 
and hepatic disease suffered from acute hepatitis 
or portal cirrhosis. 

2. Characterization studies were made of Fu- 
agglutinating factors in the serums of six of these 
patients with non-rheumatic disease. Fraction- 
ation procedures, precipitin curves on whole 
serum and euglobulin, and studies by density 
gradient ultracentrifugation failed to disclose 
any distinguishing features between the serums 
of patients with rheumatoid arthritis and those 
with non-rheumatic diseases. 

3. The probability that the Fu-agglutinating 
factors in these six patients are 19S macro- 
globulins of similar (although not necessarily 
identical) properties is discussed, and current 
views on the possible origin of Fu-agglutinating 
macroglobulins in non-rheumatic diseases are 
elaborated. 
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Pulmonary Mechanics 


A Unified Analysis of the Relationship Between Pressure, Volume 
and Gasflow in the Lungs of Normal and Diseased 
Fluman Subjects 


DONALD L. 


Fry. M.D. and ROBERT E. 


HYATT. M.D.T 


Bethesda. A laryland 


ROM a mechanical point of view the lung con- 
sists of a large conglomerate of minute, 
expansile air spaces that ventilate to the atmos- 


phere through a complex arborized airway. The 


alr spaces and air passages contain fluid sur- 
tissue that quasi-elastic 


properties. For simplicity one may consider all 


faces and 


of these elastic elements to act as a continu- 
ous three-dimensional elastic mesh ramifying 
throughout the entire lung parenchyma. During 
breathing the tension in the ‘‘mesh”” increases 
during inspiration and decreases during expira- 


tion. Part of this mesh is inserted on the outer 


surface of the intrapulmonary airways and part 
on the inner surface of the visceral pleura. The 
significance of this for purposes of this paper is 
twofold. First, increased tension in the mesh 
inserted on the outer surface of the airways will 
dilate the associated air causing 
decreased frictional resistance to gas flow, and 
conversely, decreased tension will allow the 


passages 


airways to attenuate causing increased resist- 
ance to gas flow. Second, when the lung is at 
rest the tension in the mesh inserted on the 
inner surface of the visceral pleura is counter- 
balanced by a pressure drop across the pleural 
surface, the transpleural pressure.{ Therefore, 
pressure acting on the outer surface of the 
visceral pleura, the intrapleural pressure, will 
be negative with respect to the subpleural air 
space pressure when there is no flow. Since 

; [he transpleural pressure is defined as the difference 
between the pressure in the subpleural air spaces and that 


acting on the outer surface of the visceral pleura. 


intrapleural pressure also acts on the outer sur- 
faces of the extrapulmonary intrathoracic 
airways, the elastic mesh tension will also 
influence the diameter of these airways. Thus. 
the diameter of all the intrathoracic airways, 
both intrapulmonary and extrapulmonary, is in 
part determined by the degree of tension devel- 
oped in the elastic mesh. Tension in the elastic 
mesh is related to the degree of lung inflation, 
hence one might predict that the gas flow along 
the airways will depend not only on the trans- 
pulmonary pressure§ but also on the degree of 
lung inflation. Recent studies do in fact indicate 
that this is the case and that the mechanical! 
behavior of the lung may be rather uniquely 
and completely described by the simultaneous 
measurement of transpulmonary pressure, lung 
volume and respiratory flow | /.2). 

In recent years considerable effort has been 
devoted to the study of the mechanical factors 
involved in respiration. Particular emphasis has 
been placed on measuring the rate at which the 
lung empties during a forced expiration, the 
compliance of the lung, the frictional resistance 
to gas flow into and out of the lung, and the work 
of breathing. Although extensive clinical experi- 
ence has demonstrated the usefulness of many of 
these measurements in various cardiopulmonary 
disorders, their physiologic interpretations have 
perhaps been viewed from too narrow a_ per- 
spective. It will be the purpose of this paper to 

§ Transpulmonary pressure is defined as the difference 
between the oral pressure and the pressure exerted on the 
visceral pleural surface of the lung. 


* From the Cardiodynamics Section National Heart Institute, National Institutes of Health, Bethesda, Maryland, and 
the Cardiopulmonary Laboratory, Beckley Memorial Hospital, Beckley, West Virginia. 
T Present address: Beckley Memorial Hospital, Beckley, West Virginia. 
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1A 


Fic. 1. A, models of uniform rigid tubes in which the relationship of pressure (Ap) 
to flow (V) created by the motion of the piston may be studied. Tube, a, hasa 
greater diameter than tube, b, B, graphs showing the relationship of pressure drop 
along the tube (Ap) to flow (V) for the two tubes shown on the left. Arrows indi- 
cate the direction of increasing flow and pressure. 


present a unified scheme relating transpul- 
monary pressure, flow and volume and also to 
integrate various common clinical observations 
and tests into this relationship. 


THE INTERRELATIONSHIP OF TRANSPULMONARY 
PRESSURE, RESPIRATORY FLOW AND LUNG 
INFLATION IN A SIMPLE LUNG MODEL 


As has been discussed, when the lung its at 
rest the pressure between the intrapleural sur- 
faces, 1.e., the intrapleural pressure, is always 
less than that in the subpleural air spaces by an 
amount necessary to counterbalance the tension 
in the elastic mesh. During breathing, however. 
these air spaces are being deformed. As with all 
tissues, the lung parenchyma offers a frictional 
resistance to changing deformation, sometimes 
called tissue viscous resistance. Thus, during 
breathing an added pressure increment must be 
developed between the subpleural air spaces and 
the intrapleural surfaces to overcome this tissue 
frictional resistance. This increment would be 
negative during inspiration and positive during 
expiration tending to increase the negativity of 
the intrapleural pressure during inspiration and 
decrease it during expiration. /n vivo studies 
designed to assess the relative importance of this 
pressure increment to overcome tissue friction 
have necessarily been crude and indirect and 
have given variable results. Current belief 1s, 
however, that tissue friction is relatively unim- 
portant when compared to the frictional resist- 
ance to gas flow in the pulmonary airways {J}. 
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Frictional resistance to gas flow along the 
pulmonary airways 1s relatively large under cer- 
tain circumstances and is intimately associated 


with the pathologic physiology of some cardio- 


pulmonary disorders. Although a comprehensive 
discussion of pulmonary aerodynamics exceeds 
the scope of this report, a brief simplified review 
of the physics governing flow through a simple 
elastic tube may be useful in thinking about the 
pressure-flow-volume relationships that follow. 
Let us first consider flow through a uniform 
rigid tube, a, shown in Figure 1A. As the piston is 
advanced from left to right, a pressure gradient 
is developed along the tube resulting in a pres- 
sure difference, Ap, between the ends of the tube 
causing a flow, V, that is proportional to the 
magnitude of this pressure difference. A plot of 
Ap and its corresponding flow for this tube ap- 
pears in Figure 1B as curve a. If a similar tube 
having a smaller diameter, tube b in Figure 1A, 
is studied, it will be found to have a smaller 
flow for a given pressure drop, as shown by curve 
b in Figure 1B. The second tube is said to have 
ereater resistance to flow than the first tube. It is 
customary to define flow “‘resistance”’ (R) as the 
ratio of the airway pressure drop to the resulting 


Ap 
flow, or R = -——- In this case the resistance (R) 


is the reciprocal of the slope of the pressure versus 
flow (P-F) curves in Figure 1B. Clearly, the 
resistance of a tube can be constant only if the 
P-F relationship is a straight line. 


D \ 
Ap \ 
Ap 
1B 


n the intraluminal pressure, | 


OW. IT) 


irictionadi resistance 
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Mechanics 


ric. 2. A. model of 
uch the 
chamber pressure and 
whic! 
shape of the tube, 1.e.. then P = 
to the pressure drop (Ap 


Che 


4 


‘rnow the elastic tube. c. in Fieure 2A 


} 


‘s through the closed pressure cham- 
d. [The diameter at any point in this tube is 
the difference between the pressure 
on the inner surtace of the tube (P) and 
outer surface of the 
P-P@. is 


maeni- 


pressure, acting on the 
ditlerence. 
The 


by moving the syringe, 


pressure. 


Will be at its resting 


\When P@ is greater than P. the diam- 


r of the tube will be smaller than the resting 
meter: when P@ is smaller than P. the diam- 
I Wil herefore. the diameter 

ube will tend to contorm to the distribution 


As with 


1 
lupe there W1ll De a DrOgrTessive decrease 


along its leneth. 


pressure 


’ along the length 


the elastic tube due to pressure losses from 


(O Gas How. The elastic tube 
to this distribution of transmural pres- 
downstream. 


OV progressively narrowing 


contrast to the rigid uniform tube. a 


ona pressure crop related LO this narrowlng?g 


created. that due to the Bernoulli effect. 
th 


he Bernoulli effect is e drop in pressure 


occurs alone a stream associated with the 


wective acceleration of the flow. Assuming 
idv flow. the mass flow (the grams of gas flow- 
per second) entering the tube from the piston 
imber must equal that leaving the tube. The 


aownstream 


ticles in the wider upstream part of the tube 


ist speea up as they go through the narrow 


portion. [hat is, thev must experi- 


an elastic tube “‘c enclosed in a pressure chamber ““d— 


pressure (P@) may be varied by syringe 


fry, 


Pp 
82 
Pes 
b~ 
Ap 
2B 


The difference between the 


the intraluminal pressure P is the transmural pressure 
ich determines the shape of the tube. The dashed line indicates the resting 
Pé everywhere. B, the relationship of the tlow V 
in the elastic tube for various chamber pressures (P6 

dotted curve a-b is a hypothetical pressure versus flow curve for the tube 


when a functional relationship between P# and Ap is imposed on the system. 


Cmce all increase 11) velocity, called ad convective 
acceleration, as they approach the narrowing to 
satisfy the that the number 
of gas particles leave the tube as enter it in a unit 


of time. According to Newton's second law, an 
on 


condition same 


unbalanced force must be exerted these 


particles to produce this acceleration. In a con- 
tinuous substance forces as stresses or 
pressures. Therefore, to accelerate the parucles 
through the the unhbal- 


anced force is created by a further progressive 


adppedar 


narrowing, necessary 
decrease in pressure along the tube. This addi- 
tional progressive drop will further increase the 
tendency of the tube to narrow. 

The exact behavior of the system in Figure 2A 
will depend on a number of factors including the 
physical properties of the tube, e.g., 1ts suffness. 
the dimensions of the tube, and the physical 
properties of the gas such as its viscosity, the 
flow, and the transmural pressure. The family 
of solid curves in Figure 2B are plots of the 
pressure drop (Ap) between the ends of the 
tube versus the flow (V) for three different 
chamber pressures, and As can be 
seen. as P@ is increased from P#@, to P@;, a greater 
pressure drop 1s required to produce a given 
How. * 

* Under certain conditions this type of system will be- 
come unstable so that the flow will oscillate and is no 
longer related to pressure in the simple manner outlined 
in Figure 2B. Although the theoretical treatment of this 
problem exceeds the scope of this review, this behavior 
is mentioned only to point out that the mean resistance 
to flow under such circumstances will tend to be even 
greater. 
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Pe-Ap 


IN 


+V 


3B 


bic. 3. A, model with one end of the elastic tube opening into the chamber. Mo- 
tion of piston creates flow through the elastic tube. Piston is shown moving in 


expiratory direction producing progressive attenuation of the elastic tube from 
left to right. Although not shown, motion of the piston to the left would cause 
progressive dilatation of tube from left to right. B, the pressure flow relationship of 
the model in Figure 34. Expiratory flow (+V) is above the horizontal axis; in- 


spiratory tlow | 


—WV) below. Note that either P@ or Ap could have been plotted on 


the horizontal axis since in this mode] both are identical. V max is the maximum 


achievable expiratory flow. 


Referring again to Figure 2A suppose now that 
instead of holdine P# constant. P# is made to 
vary by moving the piston of syringe, e, in such 
a way that for every value of Ap there is a 
unique value of P@. In such a case the Ap versus 
V relationship could be described by the dotted 
curve a-bin Figure 2B. When P@ and Ap are thus 
“tied” together by some fixed relationship, the 


system is no longer described by a family of 


curves but by a single curve since only one 
Value of P@ can correspond to one value of Ap. 
Consider now Figure 3A which represents a 
modification of the model in 2.4. One end of the 
clasuc tube opens directly into the chamber. 
[n this situation the chamber pressure, P@, is 
equal to Ap since the pressures are generated in 
a common chamber. Thus. in the model in 
Figure 3A, P@ and Ap are tied together. Conse- 
quently only one flow down the elastic tube can 
exist for a given Ap. Therefore, the P-F relation- 
ship of this system is described by the single 
continuous curve shown in Figure 3B. As the 
piston is moved to the left a negative pressure 
is created in the chamber and air flows to the 
left through the tube into the chamber (inspira- 
tory flow). Note that progressive increases in 
negative pressure within the chamber result in 
progressive increases in inspiratory flow. Fur- 
thermore, the transmural pressures developed in 
this situation will produce greater dilatation 
with greater inspiratory effort particularly in 
the portion of the tube to the right. This effect 
causes a fall in flow resistance and hence the 
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‘inspiratory curve bends toward the ordinate. 


The maximum inspiratory flow that may be 
achieved is limited only by the effort that can be 
exerted on the piston. 

As the piston is moved to the right, a positive 
pressure is created in the chamber and air flows 
to the right from the chamber (expiratory flow). 
In this situation the transmural pressures that 
are developed tend to attenuate the tube. In 
contrast to the situation during inspiration, 
expiratory flow at first increases with pressure 
tO a Maximum value beyond which any further 
increases in chamber pressure will result in 
decreased flows. 

The chamber pressure, P@, may be thought of 
as playing the following dual role: (1) supplying 
the pressure head for driving the flow through 
the tube and (2) of applving a dilative pressure 
during inspiration and a compressional pressure 
during expiration along the outer surface of the 
elastic tube. The point corresponding to the 
maximum of the expiratory portion of the P-F 
curve warrants special comment. It marks the 
point at which an increment increase in cham- 
ber pressure produces an increment in narrowing 
so that the resulting increase in flow resistance 


just balances the increase in driving pressure 


head with the result that there is no change in 
flow. Bevond this point additional increases in 
chamber pressure cause the tube to narrow fur- 
ther with the result that the effect of increased 
flow resistance exceeds that of increased driving 
pressure and flow falls. 
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Fic. 4. A, the model of Figure 3A with added external resistance. The pressure 


tube (Api) 


drop across the external resistance is (Ap») and the pressure drop along the elastic 
P# is now the sum of these pressure drops. B, the solid line repre- 


sents the relationship between the total pressure drop (P86) to the flow (V) for the 
model in Figure 4A. The dotted curve is the pressure drop (Ap;) versus flow (V 
Note that this dotted curve is identical to the solid curve in Figure 3B indicating 


that the pressure flow relationship along the elastic tube is unaltered by the addi- 
tion of external airway resistance. Since the elastic tube limits the maximum 
achievable expiratory flow, the maxima (V max.) of the solid curve has the same 


How value as the dotted curve, however, there is a pressure ordinate that is 
greater than that of the maxima of the dotted curve by an amount equal] to the 


pressure drop along the external airway. 


[he flow value at which this maximum occurs 
is independent of the flow resistance of an exter- 
nal airway added to the outside of the chamber. 
Consider the system appearing in Figure 4A 
which is identical to the model in Figure 3 
except for the addition of an external air passage 
creating an extrathoracic airway resistance. The 
P-} curve of this system appears in Figure 4B 
as the solid line. The pressure coordinates 
for every flow are now the sum of two pressure 
drops, the pressure drop along the elastic air- 
way inside the chamber (Ap,) and the pressure 
| 


drop along the external airway (Ape). In con- 


trast to the elastic tube. flow along the external] 


resistance will be limited only by the amount of 


pressure, Ape, that can be developed. As noted 
the P-F relationship of the elastic tube depends 
on its geometry which in turn depends among 
other things on its distribution of transmural 
pressure along its length. Since the added exter- 
nal resistance raises all pressures in the chamber 
and along the tube equally by an amount, Apzg, 
the values and distribution of the transmural 
pressures acting across the wall remain unaltered 
being determined only by the flow. The Ap, 
versus V relationship of the elastic tube (the 
dotted curve in Figure 4B) remains unaltered 
by the addition of any Apes. Thus, in this system 
it is still the behavior of the elastic tube, that 
determines the maximum achievable expiratory 


riow. 


It is not possible to measure the separate 
pressure drops along the intrathoracic and 
extrathoracic airways in man routinely. P-F 
curves measured clinically, therefore, include 
both the pressure drop in the intrathoracic and 
the extrathoracic airways analogous to. the 
situation in Figure 4. If the extrathoracic flow 
resistance is large and variable. it would not be 
surprising to find the P-F curves to be variable. 
As will be discussed later, this tends to be the 
case. On the other hand, from the foregoing data, 
one might expect the value of the maximum 
achievable expiratory flow to remain the 
same. More will be said about this important 
point. 

The model in 
analogue of the human respiratory system. It 


Figure 4A approaches an 


would, however, represent a lung consisting only 
of elastic airways with no surrounding elastic 
mesh or lung parenchyma. Let us now con- 
sider the P-F relationships of the model in Fig- 
ure 5A which is an analogue of the lung. The 
oulmonary elastic mesh and air spaces have 
been added to the model shown in Figure 4A. 
The elastic airway is divided into an intrapul- 
monary portion, I, and an extrapulmonary 
The intrapulmonary part of the 


portion, E. 


elastic airway has elastic tissue (symbolically 


shown as springs in Figure 5A) radiating from 
its outer surface that are held in tension by the 
transpleural pressure (Py) thus, (P, = Pp — Pe) 
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acting across the pleural surface. Both the diam- 
eter of this portion of the airway and the absolute 
value of the transpleural pressure will increase 
with increased tension in the springs and de- 
crease with decreased tension. The tension in 
the springs in turn will vary with the volume of 
the air space containing the springs. Moreover, 
as discussed previously the transmural pressure 
created by Py along E will tend to prevent col- 
lapse of the extrapulmonary intrathoracic part 
of the elastic airway. 

Therefore, the geometry of the airway in the 
chamber depends not only on the distribution of 
transmural pressure related to the flow, as in the 
previous model, but also on the amount of 
tension in the fibers of the elastic mesh and the 
distribution of these elastic fibers on the outer 
surface of the intrapulmonary tube, I.* It follows 
that in this model the curve representing the 
P-F relationship will be different for different 
mesh tensions which in turn will depend on the 
volume of the mesh-containing air space. Thus 
there will be a family of P-F curves (Fig. 5B) 
each representing the P-F relationship at a dif- 
ferent degree of inflation of air space or mesh 
tension.T The elastic mesh should be thought 
of as an integral part of the airway and thus for 
each degree of air space inflation one is simply 
looking at an airway with a different set of rest- 
ing dimensions. Consequently, the P-F relation- 
ship, including the maximum expiratory flow 
point, will be different for each degree of lung 
inflation, as shown in Figure 5B. Each of these 
curves is an isovolume P-F curve. 

As was the case in the previous model, the 
shapes of the isovolume P-F curves vary with 
upper airway resistance, but the flow value of the 
maximum on each curve remains independent of 
upper airway resistance, depending only on the 
flow characteristics and physical properties of 
the part of the system within the chamber. Since 
in this simplified analogue of the lung the prop- 
erties of the intrathoracic system are assumed to 


* The simple model in Figure 5A shows a progressive 
attenuation of the airway from left to right during expira- 
tion. This follows from the assumption of a uniform cylin- 
drical tube. Obviously a more realistic model of the 
bronchial tree would consist of many branching parallel 
tubes with non uniform physical properties. In such a 
system the region of the greatest airway attenuation is not 
so simply determined [4]. 

t The curve shown in Figure 4B would represent the 
curve for zero mesh tension which if plotted to scale in 
Figure 5B would appear somewhere between the V, P-F 


curve and the +P@, —V quadrant of the graph. 
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vary only with inflation,* the flow values of the 
maxima are uniquely related to the degree of 
inflation. If the maximal expiratory flows from 
the curves in Figure 5B are plotted against their 
corresponding volumes, the curve in Figure 5C 
which relates the maximum expiratory flow to 
air space or lung volume is obtained. This curve 
has been called the a F-V curve [2]. From the 
foregoing discussion it will be recalled that this 
curve should be unaffected by the flow resistance 
of the external airway and depend only on the 
physical properties and dimensions of the system 
contained in the chamber. he important 
physiologic implications of the a F-V curve will 
be discussed. 

The term compliance has been mentioned. 
The relationship of the compliance curve to the 
isovolume P-F curves may be seen from the 
following: The air space pressure (P,) is zero 
when the flow (V) is zero. Therefore at zero flow 
in the model of Figure 5 the pressure drop be- 
tween the chamber and the external mouth of 
the airway, P@, is the pressure (Py) acting across 
the pleural surface to balance the elastic mesh 
tension, i.e. Pp = P, — Pe = —P@. As can be 
seen in Figure 5B this zero flow pressure dif- 
ference on the isovolume P-F curves increases 
from to with increased inflation. If Py, 
were plotted against the inflation (V) repre- 
sented by the corresponding P-F curve, a zero 
flow pressure-volume curve which is the com- 
pliance curve would be obtained. 

Finally, it should be noted that the behavior 
of the lung model shown in Figure 5A can be 
completely described only if all three variables, 
flow (V), pressure (P@), and volume (\V), are 
measured simultaneously. Furthermore, if the 
inertial properties of the system may be ignored 
and if the system has “‘perfect”’ elastic properties, 
the behavior of the model will be uniquely deter- 
mined by the three variables V, P@, and V. For 
systems whose behavior is determined uniquely 
by these three variables it is common practice 
to express this behavior either as a family of 
curves representing the relationship between two 
of the variables at various arbitrary values of the 
third (as was done in Figure 5B) or as a single 
graph in a three dimensional space. This single 
graph would be a three dimensional surface 


having the coordinates of V, Pé, and V. As the 
piston in Figure 5A is moved back and forth, the 


* This assumption is only approximately correct, as 
discussed elsewhere [2,4]. 
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Aps=Ap,-P. 
Pe=Ap,+Ap, = 
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Fic. 5. A. a model the same as that shown in Figure 4A to which has been adde 
an elastic “air space.” [he airway now consists of two parts; that inside the ai 
space, |, and that external to the air space. bk. The F portion of the elastic airway 
is subject to the transmural stress just as in the foregoing models. The I portion of 
the elastic tube is also partially supported by the tension in the elastic mesh of the 
air space which is shown diagrammatically by the springs connecting the oute1 
surface of the elastic airway to the inner surface of the visceral pleura. A pressure 
difference (Py) is created across this pleural surface to counterbalance the ten- 
sion in the springs. As the piston is moved to the left. air flows into the elastic 
air space causing the springs to be stretched further, thus, increasing P;.. The 
position of the piston will be proportional to the volume of the elastic air space 
which is indicated by the scale and pointer on the piston rod. [The pressure (P, 

in the elastic air space is the sum of the pressure drops along the entire airway (Ap 
+ Ap»). Unlike the previous model the chamber pressure, P@ now is the sum of the 
airway pressure drops, P,,, less the pressure P; required to maintain inflation of the 
elastic air space. P@ is now the analog of the transpulmonary pressure. B, graphs 
showing the relationship of chamber pressure P@ (transpulmonary pressure) to 


flow along the airway (V) for various degrees of air space inflation (V,, V2», ete. 

Note that at zero flow P,, equals zero and therefore Py, equals minus P@. A plot of 
increasing values of volume against the corresponding values of Py, would be the 
compliance curve for the model. Note that the expiratory (+¥V) portions of 
the isovolume P@ versus V curves have maxima at 1, 2.3 and 4. C. the a F-V curve 
of the model. The graph was constructed by plotting the flow values of the P-I 
curve maxima at 1, 2, 3 and 4 against the corresponding volumes V;, V2, V; and 
V,. Note that as the tension in the elastic mesh of the air space is increased 


by increased air space inflation higher maximal expiratory flows may be achieved. 


| 
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Fic. 6. Isovolume P-F curves from a normal subject. 
Curves I, II, III, and IV were measured at 0.5, 1.5, 2.5 
and 4 L. above the maximum expiratory point, respec- 
tively. Vital capacity was 4.5 L. Note that the expiratory 
pressure flow curves, I, I] and III have maxima at A, B, 
and C respectively. 


instantaneous values of V. P#. and \V would form 
paths on this surface. 


THE INTERRELATIONSHIP OF TRANSPULMONARY 
PRESSURE, RESPIRATORY FLOW AND LUNG 
INFLATION IN MAN 


A method has been developed for obtaining 
satisfactory isovolume P-F curves in man | 2}. The 
method consists of simultaneously and conunu- 
ously measuring the intrathoracic pressure 
(P46 of the model) by the intraesophageal balloon 
technic, the respiratory flow by an appropriate 
flowmeter, and the degree of lung inflation by a 
recording spirometer. By choosing only pressure 
and flow points that correspond to a certain 
lung volume one may plot an isovolume P-F 
curve for that particular degree of lung inflation. 
Then, by choosing a different volume, one can 
plot another tsovolume P-F curve. This pro- 
cedure may be repeated until one has explored 
the P-F relationships over all lung volumes of 
interest. Relatively simple electronic technics 
may be emploved which greatly reduce the 
labor involved in this method. 

Using the aforementioned approach it has 
been shown that a relatively unique functional 
relationship exists between  transpulmonary 
pressure, volumetric gas flow and degree of lung 
inflation in human subjects | 7,2). In Figure 6 the 
rate of gas flow has been plotted against trans- 
pulmonary pressure at four different degrees of 
lung inflation in a normal person. For example, 
the isovolume P-F curve III shows the relation 
between flow and pressure when the lung in this 
subject was at a volume of 2.5 L. above the 
residual volume. It should be noted that curves 
I, Il, and II], which were measured at different 
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hic. 7. Lhe isovolume P-F curves of Figure 6 placed on a 
three-dimensional coordinate system. Flow in liters per 
second, volume in liters above residual volume, pressure 


in centimeters of water. 


volumes over approximately the lower half of the 
vital capacity, have expiratory P-k maxima: 
that is to sav, expiratory flow increases with 
increasing pressure to a maximum (points A, B 
and C, respectively) beyond which further 
increases in pressure cause a decrease in the 
rate of expiratory flow. Attention is drawn to the 
similarity of these curves from the complex 
pulmonary airway system to those obtained in 
the simple model of Figure 5. Maxima were 
not seen on P-F curves measured high in the 
vital capacity such as curve IV. Available evi- 
dence suggests that, if the subject was able to 
create sufficient intrathoracic pressure, P-F curve 
maxima could also be achieved even at the 
highest degrees of lung inflation. Inspiratory 
P-F curves do not have maxima for the reasons 
that were discussed in connection with Figure 3. 

Since each isovolume P-F curve relates three 
variables, i.e., pressure to flow at a given volume. 
it is possible to represent this relationship in a 
three-dimensional coordinate system as has been 
done in Figure 7. Here the volume coordinate is 
plotted perpendicular to the plane of the paper 
with zero volume corresponding to the maximum 
expiratory point. The residual volume would 
then extend toward the reader in the negative 
volume direction. Each P-F curve in Figure 
has simply been offset onto the volume axis to a 
position corresponding to the degree of lung 
inflation at which it was measured. 

The ventilation of tne lung could be described 
most completely by a great number of these 
isovolume P-F curves, all measured at different 
degrees of inflation. If many such curves were 
measured in a given subject and plotted in the 


manner shown in Figure 7, it is apparent that a 
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tic. 8. A, a hypothetical three-dimensional surface out- 
lined by the broken line that could theoretically be 


constructed from an infinite number of different iso- 
volume P-F curves plotted as in Figure 7. B, the con- 
tinuous three-dimensional surface of Figure 8A upon 


which paths of five different respiratory maneuvers have 


been plotted. The arrow heads indicate the direction of 


travel on these paths during each respiratory maneuver. 


= tidal breath; b = MBC breath; c = maximum ef- 
fort vital capacity breath; d = maximum flow vital 


yacity breath; e = free collapse curve. Ihe intersec- 
tion of the surface and the O flow plane is the compliance 
curve. a and vy are the terminal points of this curve. § 1s 
the point at which the paths of the maximum effort 
vital capacity and maximum fiow vital capacity 


continuous three-dimensional surface of the 
type shown in Figure 8A could be constructed. 
This surface would describe the simultaneous 
relationship between pressure * and flow at every 
volume point in this subject’s vital capacity. ‘The 
shape of the surface may vary somewhat from 
moment to moment for two reasons. First, the 


" Although the pressure used in this construction is the 
transpulmonary pressure, an analogous surface could 
- constructed by using intra-alveolar pressure, as might 
be obtained from a body _ plethysmograph This 
surface would refiect the purely aerodynamic behavior 
of the lung ignoring the tissue frictional and elastic 


behavior and might be particularly useful in studying the 


problems of airway flow resistance. 
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physical properties of the lung itself, e.g., its 
elastic properties, vary somewhat depending on 
many factors which are not fully understood. 
Second, as was discussed in connection with 
Figure 4, the shape of the P-F curves can change 
with variations in upper airway resistance even 
though the physical properties of the lung itself 
might not change. 

In spite of these limitations the three-dimen- 
sional surface concept has very real conceptual 
value in analyzing the complex mechanical 
events of pulmonary ventilation. This unified 
concept has proved quite useful both as a teach- 
ing device and as a framework for evaluating 
certain clinical observations as well as many of 
the methods of quantifying ventilatory mechanics 
presently used. From this concept has evolved 
an essentially unexplored aspect of ventilation, 
namely the @ F-V curve previously mentioned 
in connection with Figure 5C. The details of 
obtaining this curve as well as certain of Its 
theoretical aspects, are reported elsewhere | 2,7). 

With the foregoing background the clinical 
significance of the pressure-flow-volume_ rela- 
tionship using the three-dimensional surface 
will now be examined. Any respiratory man- 
euver may be represented by a path over 
this surface. The paths of five 
different effort are shown in Figure 8B. Paths 
a. b, c, d and e represent a udal, a maximum 


breaths of 


breathing capacity (MBC), a maximum effort 
vital capacity (MEVC), and a maximum flow 
vital capacity (MFVC) 
as well as a free collapse curve (Curve e). A 
MEVC is a vital capacity maneuver in which 
maximal effort 1s throughout both 
inspiration and expiration. The usual forced 
expiratory vital capacity (fF EV C) is comparable 


breath, respectively, 


applied 


to the expiratory portion of the MEVC. The 
MFVC differs from the MEVC only in that the 
effort during expiration 1s controlled so that the 
flow corresponds to the P-F curve maxima. 
Hence, in this maneuver less than maximal 
effort is applied over most of the expiratory vital 
capacity. The free collapse curve is the path 
followed when the lung 1s allowed to collapse in 
such a manner that the transpulmonary pressure 
is kept at zero [6]. This is a special type of 
breath which has only an expiratory path and 
therefore does not form a closed path over the 
surface. 

Thus, during the process of breathing, since 
volume is changing continuously, a person may 
be thought of as moving from one isovolume 
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P-F curve to another on this three-dimensional 
structure. The resulting rate of gas flow at any 
moment will be determined by the _ pressure 
applied and the volume at which the effort 1s 
made. Thus at a given instant any respiratory 
maneuver will have unique values of pressure, 
flow and volume. ‘These three-dimensional 
paths formed by the breaths can be studied most 
simply by examining their projections as well as 
that of the surface onto the three coordinate 
planes. These projections might be readily 
visualized if the surface were made transparent, 
the three-dimensional paths made opaque, and 
the line of sight carefully oriented perpendicu- 
larly to the particular coordinate plane of inter- 
est. [These projections would be identical to the 
loops obtained by recording any two of the three 
variables simultaneously during the particular 
breathing maneuver on the X and Y axes of the 


oscilloscope. 


THE PRESSURE-VOLUME PLANE 


The surface in Figure 8&8 has been redrawn 
at the top of Figure 9. In addition, contour 
lines constant flow have been 
drawn on this surface. When this surface is 
viewed along the line of sight indicated by 


representing 


arrow 1, 
tour lines onto the P-V plane are seen in the 


the projections of the paths and con- 


lower portion of Figure 9. The projections of the 
contour lines represent constant flow isopleths. 
The zero flow isopleth or compliance curve* 
has particular significance in that it reflects 
indirectly the properties of the elastic mesh of the 
lung. The shape of this curve is controlled not 
only by the behavior of the elastic elements of this 
mesh (e.g. the elastic and collagen tissue, the 
surface tension of the fluid lining the air spaces, 
and the elastic behavior of the pulmonary vascu- 
lature) but also by the effectiveness with which 
these elements can exert traction on the inner 
surface of the visceral pleura. In the case of 
uneven ventilation of the lung, regions ventilat- 
ing poorly will tend to “‘splint” the mesh locally, 
altering the tension that can be applied to the 
inner surface of the pleura by the elastic ele- 
ments. Furthermore, in situations where there 
has been destruction of some of the elastic ele- 
ments of the mesh there will be fewer elements 
*'The simplest method of obtaining the compliance 
curve 1s to measure the transpulmonary pressure at zero 
flow when the lung is at various degrees of inflation [7]. 
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fic. 9. The surface and respiratory paths of Figure 8B re- 
drawn with constant flow contour lines appears at the top 
of this figure. When this surface is viewed along the line of 
sight of arrow 1, the pressure-volume projection of the 
surface will be seen as the diagram in the lower part of 
this figure. Ihe pressure is in centimeters of water. The 
numbers on the constant flow lines are liters per second. 
Inspiration to the right and expiration to the left of the 
a-y curve (compliance curve). 


exerting tension on the inner visceral pleural 
surface. 

The compliance curve will not be a unique 
curve to the extent that the elastic elements com- 
prising the mesh are imperfect elastic bodies and 
to the extent that uneven ventilation exists [4,9]. 
Nevertheless, for simplicity it is possible con- 
ceptually to consider the compliance curve 
of the lung as being represented by a single curve 
at any given moment. 

The shape of the compliance relationship is 
curvilinear, being approximately a straight line 
in the region of the functional residual capacity. 
In general only the slope of this relatively straight 
part of the curve has been used to character- 
ize the elastic properties of the lung. The slope is 
the change in volume (AV) per unit change in 
transpulmonary pressure (AP). This ratio is 
defined as the ‘‘compliance”’ of the lung,f its 
reciprocal the “‘elastance.’’ Although these terms 
are usually only applied to the straight part of 
the curve, the notion of compliance can be 
applied more generally to the entire curve by 


+ In the case of uneven ventilation where insufficient 
time is allowed for the air space pressure to equalize 
throughout the lung, the slope of the zero flow pressure- 
volume isopleth is called the ‘‘effective compliance” [9]. 
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the slope of a tangent to the curve 
at any point of interest. Since this curve 1s not a 
straight line, compliance will be a function of the 


volume, i.e., it may vary at every point on the 
curve usually becoming smaller with increasing 
lune inflation. 

lhe slope of the compliance curve can be 
shown to be related to the problem of ventilation 
distribution and thus the measurement of com- 
pliance is significant in this regard. Furthermore. 
the absolute value of Py, along the entire curve ts 
of significance since. as was discussed in con- 
nection with Figure 5, it in part determines the 
resistance to flow in the airways with resistance 
becoming less as Py; increases |/0!}. Thus, the 
conventional method of characterizing the com- 
pliance curve of the lung by the use of one 
constant, the mean slope or compliance in the 
tidal volume range, has certain limitations. It 
fives no information as to how compliance varies 
over the entire range of volume or as to the 
ibsolute value of Py, at any point on the curve. 

[he remaining constant flow isopleths in 
Figure 9 are now examined. [hose to the right 
of the compliance curve are inspiratory flow 
isopleths and those to the left are expiratory 
yleths. The Inspiratory isopleths indicate 
that progressive decreases in pressure at an\ 

lume wil produce progressive increases in 
inspiratory flow. In contrast to this, the expira- 


tory flow isopleths over the lower part QO} the \ ital 


capacity indicate that at a given volume there 
are two pressures that correspond to a given flow. 
fhis reflects the characteristic shape of the 
expiratory portion of the isovolume P-F curves 
seen in Figures 6 through &. 
[he area enclosed by each of the loops repre- 
senting the breaths of varying effort 1s propor- 
tional to the amount of physical work done on 
the lung to overcome the frictional resistance of 
the gas flow and tissue. Note that during the 
tidal breath. a. the area on the right of the 
compliance curve is about equal to that on the 
left indicating that about as much mechanical 
energy is expended in the lung during inspira- 
tion as during expiration. This is not true of the 
MBC, b, or MEVC breath, c, where much 
more energy is dissipated during expiration. 
Note that the loop of the MEVC breath forms 
the perimeter of the entire diagram since it 
represents a maximal inspiratory and expiratory 
effort over the entire vital capacity. Notice also 
the loop for the MFVC, d, is the same as 
that for the MEVC, c, throughout the inspira- 


tory phase and during the part of the expiratory 
phase corresponding to the upper part of the 
vital capacity in which P-F curve maxima are 
not achieved. Thus the MFVC depends on 
maximum effort over this part of the path (from 
ato y to B). At the point labelled @ the loop of 
the MEV C diverges from that of the MEVC to 
follow a path (0 to @) that is the locus of the 
pressure and volume coordinates of the P-F curve 
maxima. Since pressures necessary for 
maximum flow in the 8 to @ region are in gen- 
eral far less than those associated with the 
MENC, there is far less energy expenditure 
during the performance of the MFVC. The free 
collapse, e, does not form a loop but simply fol- 
lows the zero pressure ordinate. 

lf the extremes of negative and positive intra- 
thoracic pressure that could be developed 
statically at every degree of lung inflation were 
measured, a maximal pulmonary — pressure 
versus Volume loop could be constructed |//!}. It 
would be of interest to study the relationship 
of this static loop to the P-V loop of the MEVC 
in Figure 9. Recent studies suggest that the 
relationship between the effort of the chest and 
the resulting intrathoracic pressure may be an 
Interesting area in which to explore the com- 
plicated problems of ventilatory control and 


dyspnea FS}. 


THE PRESSURE-FLOW PLANE 

Consider now the projection of the three- 
dimensional surface with its paths on the pres- 
sure-flow (P-F) plane in Figure 10. This projec- 
tion would be seen if the surface in the upper 
part of the figure were viewed along the line of 
sight of arrow 2 as shown. In this case the con- 
stant volume isopleths are the isovolume P-F 
curves. 

It is possible to obtain the projection of these 
paths onto the P-F plane in human subjects by 
recording the loops formed on an oscilloscope 
face when respiratory flow and transpulmonary 
pressure are recorded simultaneously on the X 
and Y axes. Although the loop of the MEVC, c, 
determines the perimeter of the expiratory por- 
tion of the projection, it does not necessarily 
form the outer boundary of the inspiratory 
portion. * 

* "The precise contour of the inspiratory limbs of the 
isovolume P-F curves has not been well studied. As can 
be seen, low in the vital capacity maximal inspiratory 
effort appears not to correspond exactly to the maximal 
achievable flow at the same pressure were the subject at a 
somewhat higher volume. 
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As on the P-V plane the loop of the MFVC, d, 
separates from the MEVC, ¢c, loop at the @ point 
and travels far short of the positive pressures 
seen with the MEVC until their paths again 
converge at a. The pressure at which flow and 
pressure dissociate during maximally forced 
expiratory efforts has been recently studied | /4). 
High in the vital capacity this point of dissocia- 
tion would depend on the rapidity with which 
the effort was developed. Lower in the vital 
Capacity at volumes corresponding to the 8 to a 
portion of the MF WVC this point should approxi- 
mate the maxima of the isovolume P-F curves. 
Preliminary observations support this conclu- 
sion | 

The reciprocal of the slope of a line drawn 
from the zero flow point on an isovolume P-F 
curve to any flow point on the same P-F curve 
is a measure of the frictional airway and tissue 
resistance of the lung at that flow and volume. 
As has been discussed, tissue frictional resistance 
plavs a relauvely minor role in determining the 
shape of the isovolume P-F curves. In emphy- 
sema there is an increased resistance to the flow 
of respired gas. Although there is some increase 
In inspiratory flow” resistance, the greatest 
Increase is encountered during expiration | /,/6). 
Henee the ability to measure small increases in 
expiratory flow resistance should be quite valu- 
able in detecting early disease of the bronchial 
tree; however, certain problems arise in the 
measurement and interpretation of expiratory 
How resistance data. 

Most) pulmonary 
interest occur in the airways and parenchyma 
below the larvnx. All of the commonly used 
methods of measuring resistance yield the sum of 


disorders of physiologic 


both upper and lower airway resistance. Upper 
airway resistance is roughly half the over-all 
resistance of the normal respiratory tree during 
quiet breathing |/7). In addition, it may change 
unpredictably from moment to moment due to 
Variations in attitude of the mouthpiece, tongue, 
teeth, glottis, etc. Random variations of this type 
may at times mask significant changes in lower 
airway resistance. 

[It has been shown that expiratory resistance 
measurements are also dependent upon volume 
'7,2,16,18\. This can be seen from the shape of 
the isovolume P-F curves in Figure 10 which 
bend more rapidly as the degree of lung inflation 
decreases. Therefore, at a given flow, the flow 
resistance varies inversely with the degree of lung 
inflation. It is obvious that the lung volume at 
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Fic. 10. The surface and respiratory paths of Figure 8B 
redrawn with constant volume contour lines (the iso- 
volume P-F curves) appears in the upper portion of this 
figure. \When this surface is viewed along the line of sight 
of arrow 2 the pressure-flow projection of the surface may 
be seen as the diagram in the lower part of this figure. 
Pressure is in cm H-eQ. The numbers on the constant 
volume lines represent liters of inflation above the maxi- 
mum expiratory point. 

which resistance measurements are made 1s 
quite important and must be accurately con- 
trolled if one is to attempt to draw anv infer- 
ences from these measurements about the func- 
tion of the airway. 

Expiratory resistance measurements are also 
dependent upon effort. This is particularly 
true over the lower half of the vital capacity 
where the isovolume P-F curves are extremely 
non-linear. Greater effort produces greater 
airway pressure drop. Since the resulting flow 
does not increase proportionately and indeed 
may even decrease, the computed resistance 
will increase rapidly with effort. Attempts to 
circumvent this problem by the use of various 
‘resistance coefhicients’* based on mathematical 
curve fitting technics have been moderately 
successful provided respiratory effort is sufh- 
ciently restricted [79,20]. However, with exces- 
sive effort it would be predicted that these 
technics would also be unsatisfactory, giving a 
value of resistance which, aside from being large. 
would have little meaning. Thus, if expiratory 
flow resistance data are to be useful as a sensitive 
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Fic. 11. The pressure-flow projection ‘of a pressure-flow-volume surface con- 
structed from data obtained from a subject with moderately severe pulmonary 


emphysema. Note that volume isopleths in this figure are 1 L. apart rather than 


'y L. apart as in the normal subject shown in Figure 10, 


means of quanttying the functional behavior 
of the bronchial tree, careful attention must be 
paid to the facts that these measurements include 
the resistance of the upper airway, are dependent 
upon volume and effort. 


The P-F 


sional surface obtained from subject. with 


plane projecuon of a three-dimen- 
moderately severe obstructive emphysema 1s 
shown 1n Figure 11. The general contour of the 
expiratory limbdDs of the F-F curves in emphy- 
sema are similar to those in normal subjects. On 
the other hand, it is interesting that the maxima 
occur at transpulmonary pressures often con- 
tha 


| 1 those of normal subjects. 
With forced or d 


siderably less I 
labored breathing pressures 
may develop in emphysematous subjects exceed- 
ing those of the P-F curve maxima so that, 
under these circumstances, these pat-ents will 
tend to breathe on the descending limbs of their 
P-F curves. The resulting expiratory flow rates 
will be below the maximal flow that they could 
achieve if they were to exert less pressure. 
Furthermore, at a given pressure expiratory 
How is very low at all lung volumes when com- 
pared to the normal flow. This accounts for the 
prolongation of the FEV C in these patients and is 
reflected in the associated decreased one-second 
vital capacity, MBC. 
and mid-expiratory flow rates. Since significant 


maximum expiratory 
increases in expiratory flow rates can only be 
achieved when breathing is performed high in 
the vital capacity, these persons tend to perform 
any rapid breathing well above their resting 


functional residual capacity. This accounts for 


the ‘‘trapping’’ or large increases in the func- 
tional residual capacity seen in these subjects 
during the performance of an MBC test. 

There are certain clinical implications to be 
drawn from the isovolume P-F curves of the 
emphysematous subject. These persons should be 
taught to avoid excessive effort during expira- 
t1on since this only serves to increase the expendi- 


ture of energy and does not produce increased 
flow. This point has been stressed by Dayman 
27) and has empirically become one of the guid- 
ing principles in the teaching of breathing 
exercises to these patients. Furthermore, since 
there is no evidence that these patients have any 
significant weakness of their respiratory muscles, 
it is difficult to justify the use of breathing equip- 
ment that actively assists expiration in this 
disorder. [The large transpulmonary pressures 
developed by such devices only serve to decrease 
ventilation further and, under certain circum- 
stances, might actually damage the lung. The 
patient with severe emphysema has only two 
means by which he can significantly increase 
ventilation (1) by raising his FRC and (2) by 
increasing inspiratory flow, thus shortening the 
time of inspiration and allowing more time for 
expiration. [Therapeutic respiratory equipment 
to be used in such patients should be designed 
in light of these considerations. 

Increased stimulation to breathing in patients 
with emphysema, such as by anoxia or increased 
respired carbon dioxide concentrations regard- 
less of cause, will increase the intrathoracic pres- 
sure swings which if sufficiently great may actu- 
ally decrease ventilation. Increased production 
of carbon dioxide and increased oxygen 
demand may result leading to a vicious cycle that 
fits well with the common clinical observation 
that emphysematous patients can precipitously 
deteriorate with relatively minor respiratory 
insults. 

Preliminary observations in this laboratory 
suggest that the emphysematous subject can 
more readily achieve maximal expiratory flow at 
any degree of lung inflation if he is breathing 
against an added external resistance. This fits 
with the observation that these persons fre- 
quently seem to benefit subjectively from expir- 
ing through narrowed glottis or pursed lips. One 
explanation for the beneficial effects of this 
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procedure could be as follows. It was shown 
earlier in this report that the flow at the maxi- 
mum on the isovolume P-F curve of the lung 
modei was essentially independent of extra- 
thoracic airway pressure drop but did depend 
on the pressure drop along the intrathoracic 
airways. [his also appears to be the case in man 
(wide infra). transpulmonary pressure 
swings occur with dyspnea or exertion In 
severe emphysema. In such subjects most of the 
pressure drop is in the intrathoracic airways and 
is so large that the system may operate well out 
on the descending limbs of the isovolume P-F 
curves. If the patient purses his lips with the 
same large transpulmonary pressures, he can 
move a large portion of this pressure drop to his 
upper airway, 1.e., across his lips. Consequently, 

intrathoracic 
an equivalent 


Large 


the drop occurring along the 
airways will be decreased by 

amount and the flow system will operate back 
nearer the P-F curve maxima. Expiratory flow 
and hence ventilation will be increased. Changes 
of transpulmonary pressure in response to added 
flow resistance have not been thoroughly studied. 
The general problem of the factors controlling 
intrathoracic pressure would seem a_ fruitful 
area for further investigation, not only as it 
applies to emphysema but also to the more gen- 
eral problem of dyspnea and ventilation control. 


THE FLOW-VOLUME PLANE 


The surface of Figure 8 has been redrawn at 
the top of Figure 12 with isopressure contour 
lines. If this surface were viewed along the line of 
sight of arrow 3, its projection on the flow- 
volume (F-V) plane would appear as the lower 
diagram in Figure 12. Note that isopleths to the 
left of the 8 to @ line on the surface have been 
omitted on the projection for simplicity. The 
pressure values of the four expiratory pressure 
isopleths that intersect the 6 to @ line represent 
the pressures corresponding to the P-F curve 
maxima at the flows and volumes of intersection. 

It is possible to obtain F-V loops in human 
subjects by placing the flow signal on the Y axis 
of an oscilloscope and the volume signal on the 
X axis. The F-V diagram would then be ob- 
tained by photographing the superimposed loops 
of the breaths of varying effort. 

In contrast to the preceding P-V and P-F 
diagrams, the entire perimeter of the F-V dia- 
gram is the MFVC loop, d. As was also seen 
in the previous two diagrams, the MFVC and 
MEVC form loops that are identical over the 
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Fic. 12. The surface and respiratory paths of Figure 8B 
are redrawn in the upper portion of this figure with con- 
stant pressure contour lines. When this surface is viewed 
along the line of sight of arrow 3 the projection on the 
flow-volume plane of this surface would appear as the 
large diagram in the lower part of this figure. Note that 
isopleths of contour lines extending beyond the a-8 line 
have been omitted for simplicity. The numbers on the 
constant pressure lines are in cm of H2O. 


inspiratory and early expiratory portions of their 
courses, 1.e., the @ to y to 6 portion of the 
perimeter. This portion corresponds to the 
maximal effort of the subject. Since the iso- 
volume P-F curves begin having maxima at §, 
the MFVC loop, as would be predicted, forms 
the outermost boundary of the part of the dia- 
gram between 8 and a. The MEVC loop, c, 
follows the outer rim of the three-dimensional 
surface which in the @ to @ region corresponds 
to lower flows. Thus, the F-V projection of the 
MEVC loop dips below the MF VC loop in this 
region. The MBC loop, b, in this person also 
dips below the MFVC loop touching it only at 
the points where the MBC effort momentarily 
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corresponds to the MF VC loop. This reflects the 
fact that during most of the MBC effort pres- 
sures in excess of those at the maxima were 
exerted. 

The free collapse curve, e, corresponds to the 
zero pressure isopleth throughout expiration 
since it represents the flow that results when the 
frictional resistance of the lung tissue and air- 
ways is Just balanced by the elastic mesh tension. 
[herefore, the transpulmonary pressure Is zero 
throughout the entire maneuver. The F-\V pro- 
jection of this maneuver falls consistently below 
the MF loop since the P-F curve maxima always 
occurred at a moderately positive intrathoracic 
pressure, 

[It is seldom possible to obtain one single vital 
capacity effort that describes the MFVC loop. 
[tis almost always possible to obtain the expira- 

portion of this curve by having a subject 
perform a maximal inspiratory effort followed 
a series of expiratory vital capacity breaths 

O} Varving effort | 2 
pointed out that in situations 
where the transpulmonary pressure 1s changing 


10,27; and MBC-tvpe 


rreathing the flow mav momentarily exceed the 


3 to a portion of the MFVC curve. Reasons for 


is are discussed elsewhere | 2.7). 


SFLOUILC i 


ipidly such as in cough 


[In the theoretical discussion of the lunge mode! 
was noted that the expiratory flow occurring 
the maximum of an isovolume P-F curve 
lepended only on the physical properties of the 
ntrathoracic pulmonary system and, therefore. 
| | invariant despite consider- 
able variations 1n Upper airway resistance. [This 
has been experimentally confirmed |2). Thus. 
over the range of lung volumes where the P-F 
curves have maxima, i1.e., the 8 to @ part, the 
plot of the maximum achievable expiratory 
How against the degree of lung inflation 1s a 
relatively reproducible curve. The 8 to @ por- 
tion of the MFVC has been termed the a F-\V 
curve and has two important implications. First, 
with the exception noted in the previous para- 
eraph, this relationship represents a relatively 
rigid mechanical limitation imposed on maximal 
expiratory flow for which no amount of added 
energy can compensate. Second, unlike many 
other ventilatory measurements which depend 
on maximal effort this relationship will be 


reproducible to the extent that the properties of 


the intrathoracic pulmonary system remain 


constant. The a F-V curve in normal subjects has 


been found to be quite different from that in 


hry, Hyatt 


subjects with cardiopulmonary disease. ‘Vhere- 
fore, a rather detailed consideration of the possi- 
ble clinical significance of this curve and its role 
in evaluating many of the common tests of 
ventilatory mechanics will be presented. 

Many of the most useful indices of ventilatory 
mechanics are based on analyses of either flow or 
volume as a function of time.* The most com- 
mon tests are based on various analyses of either 
the FEV CG, which corresponds to the expiratory 
portion of the MEN C, or other related expira- 
tory maneuvers. In Figure 12 it was seen that 
when this normal subject performed a MEVC, 
his curve on the expiratory part of the F-WV dia- 
gram fell shehtly below the MFVC curve over 
the 9 to @ region. 

The separation of the MEFVC and the MEVC 
will depend on the effort exerted by the subject 
during the latter procedure. Thus. the FEVC 
test is effort-dependent over its entire course. 
Since over the y to 8 portion of the F-\ diagram 
P-F curve maxima are probably unattainable, it 
follows that maximal flows in this region of the 
Vital capacity are extremely dependent upon 
effort. 
variability would be 
quantify this portion of the FEV C, such as peak 
the maximal expiratory 


Thus, a potentially large degree of 


predicted for tests that 


expiratory flow rates, 
How (MEF) test |22), and tests measuring the 
volumes expired in the first 0.5 to 1.0 second. 
Although some studies tend to confirm this 
prediction | it is interesting that in practice 
these tests are reported by many to be useful and 
reasonably reproducible | 22,23,27). 

As previously mentioned over the lower por- 
tion of the vital capacity the FE VC curve in nor- 
mal subjects corresponds rather closely to the 
a F-N) curve. The @ F-N curve is reproducible 
and is dependent upon effort only to the extent 
that sufficient transpulmonary pressure must be 
created to achieve the P-F curve maxima. Thus, 
it should follow that tests quantifying approxi- 
mately the lower half of the FENC should also 
be fairly reproducible. This has been found to be 
the case with the maximal mid-expiratory 
flow test (MMF) which is the mean flow rate 
occurring over the mid-portion of the FEVC 
even though this test includes a small portion 


* Since flow equals dv/dt, it is simple to compute the 
time course of either flow or volume of any loop in the 


dy 
F-V plane by the simple formula, dt = —, where F 1s 


flow. Thus, the MFVC curve may be readily converted 
to a conventional spirographic tracing. 
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TABLE I 
EFFECT OF TENFOLD INCREASE OF EXTERNAL AIRWAY RESISTANCE ON VENTILATORY TESTS IN 
NORMAL SUBJECTS 


Maximum 


Maximum 


(One Second 
Vital C Vital C expiratory Mid-expiratory FE¢s0~75)* K 4 
lla lta Ov — 7 T 
pe « t Flow Flow ec 2 rma 
mal 
Sub- 
ject Added \dded Added Added Added Added Added 
Control Resist- Control Resist- Control Resist- Control Resist- Control Resist- Control! Resist- Control Resist- 
\ alues* ance Values ance Values ance \V alues ance V alues ance Values ance Value ance 
Values Values Values Values Values Values V alues 
] 5 0 0) 7.5 2 9 7 0 2 7 3.3 7 0 
88 34 5.0 4.8 1.4 4 
77 64 6.9 3 5 4! 4 2 
] 4 j 4 2 4 
Average pel cent chat ¢ 
atter added resistance 
<< per cent VU per cen +) per cent 26 per cent 16 per cent << per cent <2 per cent 
hange de rease det re ase lec rease cle rease hang hange 
* The mean tlow over the lower 50 to 75 per cent of the vital « apacity. 
t The @w F-V curve was quantified by the two constants, Log Qmax and K as dese ribed elsewhere (2). 
of the effort-dependent segment /|25). It is resistance than measurements of the lower por- 


interesting that Franklin |26) recently reported 
that measurement of the mean flow occurring 
between the lower 50 and 75 per cent of the 
FENC (E50 75) Was more reproducible and 
less subject to performance errors than were 
either the MME or the one-second timed frac- 
tion. [his fits well with the a F-V concept and is 
supported by observations in our laboratory 
(vide onfra). 

[t has been pointed out that the MBC test has 
many sources of variability |22|. A glance at the 
l'-\' loops makes it clear that the reproducibility 
of MBC test depends on the lung volume and the 
cyclic rate at which the test is performed, as well 
as the effort exerted by the subject, particularly 
during inspiration. In practice it appears that 
the subject does tend to control these variables 
since this test has proved to be quite useful 
clinically. 

Since in contrast to the 6 to a portion of the 
MEVC, the y to 8 portion is dependent upon 
effort, it would be predicted that tests quantify- 
ing the upper portion of the FEVC should be 
more sensitive to changes in upper airway 
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tion of the FEV C. To test this postulate a group 
of normal subjects had FEVC and @ F-V curves 
determined before and after the addition of an 
external airway resistance which increased the 
over-all resistance to flow some tenfold. This 
can be likened to resistance increases that might 
result from narrowing of the glottal aperture, 
partial occlusion of the airway with the tongue 
or pursing of the lips. Referring to Table rit can 
be seen that there was no significant change in 
the total vital capacity, but the volume of air 
expired in the first second fell in all subjects when 
the external resistance was added, the average 
decrease being 20 per cent. Similarly the MEF 
test showed an average fall of 49 per cent. The 
external resistance caused a marked decrease in 
the MMF of one normal subject (1) and an 
average fall of 26 per cent in the entire group. 
The Eso 4 75 only decreased 16 per cent with 
most of the change occurring in subject 1. The 
a F-V curve showed essentially no change. Thus, 
in normal subjects the a F-V curve, as predicted, 
is relatively unaffected by a marked increase in 
upper airway resistance. The upper portion of 


4 


the FEV C is very sensitive to such changes while 
the lower part of the curve 1s much less affected. 

As noted previously, the @ F-V curve in a 
given person defines the upper limit of expiratory 
iow over much of the vital capacity. Since 
the mean expiratory flow occurring with resting 
simular in normal 


tidal respiration 
subjects and in emphysematous subjects, it is 
ipparent that the amount by which the emphy- 


tA 
a 


sematous subject can increase his expiratory 


Is quite 


flow above resting needs is severely limited. In 
fact, preliminary studies |/35) have indicated that 
severely emphysematous subjects at rest breathe 
very near, and occasionally at, their akF-V curve. 
Lhe possible significance of this relationship to 
the problem of dyspnea and as an index of the 


severity of bronchopulmonary disease is being 


SUMMARY 


A three-dimensional graphic representation 
of the mechanical aspects of pulmonary ventila- 


nas deveioped trom eCxpel imental data 


man. in which transpulmonary 


How and lung inflation 


The basic element of 


| respiratory 
have been uniquely related. 
this representation is the isovolume_ pressure- 
The behavior of a simple lung model] 
is described to emphasize the general determi- 
lants of these isovolume pressure-flow curves. 
ithe broad inferences drawn from analysis of 
this model are applied to the pressure-flow- 
volume (P-F-\) relationship of the human lung. 

The three-dimensional surface representing 
the P-F-V relationship has had certain concep- 
The concept of the a@ F-V curve 


tual value. 
evolved from consideration of this surface. This 
curve has been studied in man and found to have 
certain unique characteristics that suggest that it 
may become a valuable clinical tool. The a F-V 
curve is quite reproducible, is only moderately 
dependent upon effort, is essentially unaffected 
by wide variations in upper airway resistance, is 
properties and 
pulmonary 


physical 
dimensions of the intrathoracic 
system, is greatly altered in emphysematous sub- 


determined by the 


jects and is relatively easily obtained. 

In the light of this three-dimensional analysis 
it has been possible to evaluate a number of 
the commonly used indices of ventilatory me- 
The interrelationship between these 
tests has been demonstrated and an _ under- 
standing of their potential variability gained. 
Certain areas meriting further experimental 


} 


Pulmonary Mechanics—Ffry, Hyatt 


exploration are suggested from considerations of 
the surface. 

It is not our intent to suggest that thorough 
study of ventilatory mechanics requires con- 
strucuon of such a surface for each person. Al- 
though certain limitations of the approach are 
stressed, it nevertheless has proved extremely 
these three variables 


useful visualizing 


simultaneously. 
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Acromegaly- 


GEORGE J. Hamwi. M.D.. [THOMAS G. SKILLMAN. M.D. and KENNETH C. Turts. Jr... M.D. 
Columbus. Ohio 


LTHOUGH the symptom complex which con- 


stitutes the clinical entits of acromegaly Was 


described by Marie in 1886 {7}, there 1s a 


paucity of recent reports in which modern 


technics for the assessment of endocrine function 
are presented. Such methods were employed in 
the study of the group of patients herein de- 
scribed, with findings of particular importance 
due to the recent demonstration of the eflective- 
ness of human growth hormone in hypopituitar\ 
arfs {2,3}. This review will also compare 
the findings betore and after treatment. 


METHODS 


DpatientS W ho 


Included in this report are thirty 
ve deemed acromegalic and in whom adequate 
study was possible during the ten-vear period from 

49 to 1958. The signs and symptoms observed 

these patients are listed in Figure 1, in which the 
findings are compared with the data presented by 
Davidoff |/! in his classic study. The ages of these 
ients rarged from nineteen to seventy-two years. 
with a mean age of forty-one years. Seventeen of the 
thirty were women. [he duration of their symptoms 
prior to observation on our service varied from two to 


iOrTtv-two Vvears. In four of oun thirty a family 


ym 


[A 
J 4 S > \ 2 vide ©) 


Fic. 1. Acromegaly signs and symptoms. 


history of a similar disorder was obtained, although 
only one of a set of identical twins exhibited this 


disturbance. 


Since the primary purpose of this study was to 


evaluate the alterations in endocrine function in 
active acromegaly, it was necessary establish 
criteria of activity. [he presence of one or more of the 
following findings was considered indicative of activ- 


itv: (1) progressive acral enlargement; (2) progressive 
loss of visual fields: (3) persistent or progressive head- 
aches: (4) recent onset or exacerbation of diabetes: 


and (5) elevation of serum phosphorus. 


Using these criteria of activity, the plan of study 1s 


demonstrated in Figure 2. It will be noted that the 


disease was considered active in twenty-seven of the 


thirty patients studied and inactive in three at the 
ume of the first admission. Of the twenty-seven pa- 


tients with active acromegaly. thirteen received either 
X-ray or surgical treatment, two received no treat- 


ment, and twelve were considered adequately studied 


only for measuring the indices during acuvity. Eleven 
of the original twenty-seven patients with active 
acromegaly were studied again when the disease was 
considered inactive alter periods of one to nine years. 


[fhe findings in this group, with the addition of the 
three original inactive cases, or a total of fourteen 
inactive cases, were compared to the findings in the 
iwenty-seven active cases. [The methods used in these 


studies are those generally accepted 13 21). 


ACTIVITY THERAPY RESULT 
ist ADM. 
X-RAY (43 
9 
Yi ACTIVE ACTIVE 
ef SURGERY 4 
j 4 
A 
(8) 
NONE 
NOT ‘ 
INACTIVE FOLLOWED AINACTIVE [J 
12 
3 14 4 
{37 


Fic. 2. Plan of study in thirty patients with acromegaly. 


“From the Department of Medicine, Division of Endocrinology, ‘The Ohio State University Health Center, 


Columbus, Ohio. This study was supported by a training grant from The National Institute of Arthritis and Metabolic 


Diseases (2A—-5118 |C) and |CS]), and grants from the Comly Coleman Endowment of the Ohio State University and 


the American Cancer Society (Grant 11013). 
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RESULTS 


The protean manifestauons of this disorder are 
obvious from the presenting complaints of the patients 
studied. (Table 1.) Of the thirty patients only three 
spontaneously complained of gross changes in appear- 


ance. Although headache was the most frequent of 


many initial symptoms, the supposedly characteristic 
retrobulbar headache of pituitary tumors was present 
in only two patients. The specific findings related to 
each individual endocrine gland will be presented 
separately. 


PITUITARY GLAND 
Mechanical ffe ts. 
patients reported were grossly acromegalic, only 


twenty-five of the thirty patients had definite 
enlargement of the sella turcica. There was no 


In spite of the fact that all 


consistent correlation between the degree of 


enlargement of the sella and the intensity of the 
symptoms. A lack of correlation between the 
size of the sella and the incidence of visual field 
loss Was also apparent, since two patients with- 
out gross enlargement of the sella turcica demon- 
strated definite visual field defects. whereas 
many of our patients with massive enlargement 
of the sella had normal visual helds. 


Although only five patients presented the chiet 


complaint of headache, on questioning 74 per 
cent of the patients with active acromegaly 
reported this symptom. Of the ten patients who 
had this complaint and were treated with x-ray 
or surgery, remission of the headache was ob- 
tained in seven. As previously mentioned, only 
two of the patients with active disease exhibited 
the so-called typical retrobulbar headache 
described as characteristic of pituitary tumor | J]. 

Visual field defects were observed in twelve 
of the twenty-seven active cases. In ten of these 
twelve patients varving degrees of bitemporal 
hemianopsia were found; and, as expected, the 
upper outer quadrants were most frequently 
involved. One patient had a concentric con- 
striction of visual fields, another had a unilateral 
pie-shaped defect of the lower hemisphere. An- 
other neurologic sign that was observed in one 
patient, who was admitted with pituitary 
apoplexy, was paralysis of the rectus lateralis. In 
a further attempt to assay neurologic function, 
electroencephalograms were obtained in nine 
patients who had received no therapy at the 
time of evaluation. Only three of these had 
abnormal electroencephalograms which showed 
diffuse and non-specific alterations, except in 
one patient who had a tracing considered char- 
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‘TABLE | 
INITIAL SYMPTOMS IN THIRTY ACROMEGALIC PATIENTS 


Symptom No. of Patients 


Hleadache 

Visual impairment 
(srowth of hands 
Dyspnea 

Diabetes 

Knee pain 
Malocclusion 
(Convulsion 

Loss of consciousness 
Acne 

Paresthesias 
(Constipation 
Amenorrhea 
Abdominal pain 
Fatigue 


Cough 


acteristic of grand mal. Electroencephalograms 
were obtained in three patients following surgery 
and two of these demonstrated focal abnormali- 
ties that were probably the result of the surgical 
intervention. Although lumbar punctures were 
performed in only five of our patients who were 
not operated upon, three of these had increased 
cerebral spinal fluid protein, the maximum 
increase being 88 mg. per cent. The chief com- 
plaint of one patient was paresthesias of the 
hands but it was very difficult to relate this to 
any specific neurologic dysfunction. Hyperostosis 
frontalis interna was present in every woman 
with acromegaly in this series but was not 
reported in a single man. 

‘Pituitary Endocrine Function. Direct measure- 
ment of endocrine disturbance of the pituitary 
gland was limited to the determination of follicle- 
stimulating hormone excretion in the urine. This 
was performed in six patients with active 
acromegaly. These findings are compiled in 
Table 1. 

Gonadotropins were completely absent from 
the urine of three patients. One was a fifty-two 
vear old man, another was a thirty-two year old 
woman, and the third was a fifty-two year old 
woman who had undergone bilateral oopho- 
rectomy five years prior to study. None of these 
individuals presented evidence of corticotropin 
or thyrotropin deficiency. A low titer of 6.6 
mouse units was reported in a fourth patient. 
A year later this man _ had _ definite 
findings of panhypopituitarism. Titers of gona- 
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LABLE 1 
FOLLICLE-STIMULATING HORMONE TITERS IN SIX 
PATIENTS WITH ACTIVE ACROMEGALY 


Radio liter (mouse un 
io H x 
: 4 U 
4 } 

cent 
Mi. K Z 5 
‘\ F. i} 
M1. 
\1 M1 7 } 
O.B \1 4 


dotropins were within the expected normal 
ranges in the two other patients in whom this 
determination was made. These findings suggest 
that unitropic pituitary failure may occur in 
patients with acromegaly, Just as in patients with 
non-functioning pituitary tumors such as chro- 
mophobe adenoma. 

It. has recently been demonstrated that, in 
man. injection of human growth hormone 
rapidly causes an elevation in serum phosphorus 
and a decrease in blood urea nitrogen |3|. The 
blood urea nitrogen averaged 12 mg. per cent in 
patients with active disease and 15.8 mg. per 
cent 1n patients with inactive disease. [his is not 


statistically significant (P > 0.05) and:proved of 


no value in assaying activity. 
The most alteration 


significant chemical 
found was the alteration in the serum inorganic 


phosphorus. [he average serum phosphorus in 
the patients with active acromegaly was 5.3 mg. 
per cent, with a range from 4.1 to 7.4 mg. per 
patients in whom repeated 


determinations 


cent. 


phosphorus 


many 
serum were ob- 
tained the elevations were not persistent or 
constant. (Fig. 3.) In the inactive cases the 
range of serum phosphorus was usually within 
normal limits, varying from 2.8 mg. per cent to 
5.2 mg. per cent and averaging 4.2 mg. per cent. 
[Increased serum inorganic phosphorus remains 
the most consistent and characteristic chemical 
abnormality in active acromegaly [6]. 

in none of these patients did hypopituitarism 
develop spontaneously. However, of two patients 
who received radiation, pituitary apoplexy de- 
veloped in one two weeks after completion of his 
therapy; this required surgical intervention and 
he now exhibits panhypopituitarism. The second 
patient was grossly and actively acromegalic 
until the year following the completicn of radia- 
tion therapy, when he became obviously defi- 
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Fic. 3. Sporadic variation of serum inorganic phosphorus 
in patients with ‘‘active’’ acromegaly. 


cient in all pituitary modalities. Hypopituitarism 
was substantiated by the development of spon- 
taneous hypoglycemia after a fast of thirty-six 
hours, at which ume the patient became coma- 
tose and examination revealed a blood sugar of 
34 mg. per cent. 

In none of the patients was lactorrhea ob- 
served on the initial admission. In one patient 
lactorrhea developed following radiation; this 
persisted for a period of three months. Although 
this patient had been amenorrheic prior to 
therapy, and amenorrhea persisted following 
therapy. a vaginal smear demonstrated moderate 
estrogenic effect. 


THE POSTERIOR PITUITARY 


An attempt to evaluate posterior pituitary 
function was made by determining the specific 
gravity of the urine in all the patients reported 
in this study. In each patient, overnight restric- 
tion of fluids resulted in a specific gravity above 
1.010 (average, 1.020). The volume was not 
considered excessive except in one patient who 
had associated renal disease with uremia. In 
two patients the Carter-Robbins test of respon- 
siveness to a salt load was performed and 
demonstrated to be within normal limits. 


THYROID 


Five of the twenty-seven patients with active 
disease had distinct non-toxic nodular goiters. 
An additional patient had a colloid goiter and 
another had a nodular toxic goiter associated 
with exophthalmos. This latter patient was 
difficult to classify since she had had a nodular 
goiter for many years and with the onset of her 
clinical manifestations of acromegaly also devel- 
oped the symptomatology of thyrotoxicosis. As a 
consequence, the development of Graves’ disease 
in a patient with pre-existing non-toxic nodular 
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goiter cannot be excluded. Unfortunately, a 
scintogram was not obtained. The thyrotoxicosis 
did not respond to adequate pituitary radia- 
tion but ultimately yielded to radioactive iodine. 
A history of excessive perspiration was obtained 
in 45 per cent of our patients but in no patient 
was it deemed grossly abnormal except in the 
patient who had associated thyrotoxicosis. 
The usual laboratory indices of thyroid func- 
tion proved to be of litthe value in assaying 
thyroid activity. The average basal metabolic 
rate in the active group was plus 6 and ranged 
from minus 24 to plus 41 per cent. The inactive 
group averaged zero per cent and ranged from 
minus 14 to plus 12 per cent. The serum choles- 
terol In our active cases averaged 195 mg. per 
cent (range, 110 to 285 mg. per cent) compared 
with an average of 217 mg. per cent in the 
Inactive cases (range, 180 mg. to 324 mg. per 
cent). [This variation is not statistically signifi- 
cant (7 

The more specific indices of thyroid function 
were measured in practically all active and 
Inactive cases and included the twenty-four-hour 
radioiodine uptake by the thyroid gland and the 
serum protein-bound iodine. (Fig. 4.) Repeated 
determinations were made in most patients but 
only mean values are presented. The mean 
radioiodine uptake for the group of patients with 
active acromegaly was 32 per cent, with a range 
from 11 to 68 per cent. There was a mean 
uptake of 21 per cent in the inactive group, with 
a range from 3 to 39 per cent. This difference 1s 
considered statistically significant, with a P 
value of <0.01. The protein-bound iodine values 
averaged 3.6 we. per cent in the active group. 
with a range of 0.7 to 10.5, and contrasts 
significantly with the mean in the inactive group 
of 7.1 weg. per cent, with a range of 5.2 to 
10.4 (P < 0.01). These divergent findings ap- 
parently have not been reported previously. 
The conversion ratio was calculated in eight 
patients and averaged 16 per cent, which is 
within the normal range. Thus, in comparing the 
differences in the indices of thyroid function in 
patients with active and inactive acromegaly, 
one can conclude that in our series there 
is an insignificant difference in oxygen consump- 
tion, ashght but statistically insignificant decrease 
in serum cholesterol with activity, an increased 
radioiodine uptake in active compared with 
Inactive cases, and a decrease in serum pro- 
tein-bound iodine. It should be mentioned 
that the single clinically thyrotoxic patient was 
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Fic. 4. Thyroid studies in acromegaly. RAI uptake ex- 
pressed in per cent, PBI in wg. per cent. . 
found to have a protein-bound iodine of 6.1 ug. 
per cent, a value within the normal range and 
consistent with our observed depression of 
protein-bound iodine values in subjects with 
active acromegaly. These findings are different 
from those in a previously reported small series 
in which the average radioactive iodine uptake 
was found to be lower than normal |7). 


PARATHYROID FUNCTION 

In recent years there has been great interest 
in the association of parathyroid adenomas with 
pituitary tumors |8,9|. In almost all of our cases 
the serum calcium determinations were within 
normal limits. The mean value in the active 
cases was 10.4 mg. per cent (range 9.5 to 11.8), 
that of inactive cases 10.1 per cent (range 10.0 to 
10.4). In two patients urinary calcium excre- 
tion studies were performed for a period of five 
davs. The mean urinary calcium excretions 
averaged 90 and 92 mg. daily on a dietary intake 
of 150 mg. of calcium per day. These findings are 
within normal limits. In no patient was a history 
of ureteral colic or urinary calculus obtained. 
One patient was referred to us because of the 
prior diagnosis of a giant cell tumor of the 
mandible (epulis). The serum calcium, phos- 
phorus, alkaline phosphatase urinary 
excretion of calcium were normal, and a skeletal 
survey revealed no other cystic lesions. 

The serum alkaline phosphatase averaged 
6.1 Shinowara units in the active group (range, 
3.1 to 11.3 units) and 4.9 in the inactive group 
(range, 3.1 to 9.3 units). 


CARBOHYDRATE METABOLISM 


Blood glucose studies were carried out in all 
patients. Poor control of diabetes was the chief 


a 
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two the three subjects to 
nave svmptomatic QGlabetes at 
[np one ol these patients tne 
diabetes preceded tnat of acromegaly Dv\ hve 
years: and at the time of initial study there was 
Vision due to diabetic retinitis 
roliferans. The diagnosis of diabetes was made 
fourth patient as a result Of an oral giucose 
test. Each of these individuals was 
treated with insulin at the time of discharge. The 
and 15lL.of isophane 


‘fc 
ially GOSES WETE OD, 45, 


and no 


was experienced in 

In no patient did a 

re Imission OT | he qGiabetes occur ftolilow Ing treat- 


icromegaly. 
other patients tne oral glucose 
i ance Curves Were tne connhieuration Dest 
categorized as preaiabetuc. | 


(rig. 5. 
these patients were restudied when the acro- 
megaly was considered inactive and no improve- 
ment of glucose tolerance was observed. When 


the mean values of six glucose tolerance tests 


disease was active 


nade 


in patient SW hen the 


were compared with the findings in the same 
\ 
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Fic. /. Standard insulin tolerance tests in seven non- 
ibetic patients with acromregaly. 
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tolerance. 


pauents when the disease was inactive no 
essential changes were noted. (Fig. 6.) 

The remaining sixteen patients with active 
disease proved [() be non-diabetic. ()ral olucose 
tolerance tests In ten of these patients were en- 
uirely within normal limits. Fasting and_ post- 
prandial blood sugar values in the other six pa- 
tients also were normal. The mean values of the 
oral glucose tolerance tests found in the seven 
prediabetic patients and in ten of the sixteen 
non-diabetic patients are depicted in Figure 5. 

Intravenous insulin tolerance tests were ob- 
tained in seven of the non-diabetic patients with 
active acromegaly. In each instance a rathet 
prompt and significant fall in blood sugar oc- 
after the 
kg. of body weight of crystalline insulin 


curred. minutes Injection of 


SF 


a mean tall of 38 mg. 


Forty 


per cent was observed. 
(Fig. 7.) The configurations of these insulin 
tolerance tests and the degree of fall in blood 
sugar observed were similar to values observed in 
normal non-diabetic persons. In general, the 
severity of the diabetic symptoms correlated 
fairly well with the severity of the acromegalic 
symptoms. Our experience suggests that once 
diabetes is clearly established, it persists, and 
control of acromegalic activity does little to 
alleviate intolerance to ingested glucose. It is 
perhaps pertinent that sensitivity to small doses 
of intravenously administered crystalline insulin 
patients with 


is maintained in non-diabetic 


active acromegaly. 
THE ADRENAL GLANDS 


Enlargement of the adrenal glands has been 
reported as a postmortem finding in acromegaly 
(/0\. In our series, none of the twenty-seven 
patients with active disease presented evidence 
for either hypersecretion or hyposecretion of 
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hic. 8. Adrenal cortical function in acromegaly. 


adrenal cortical hormones. As noted, subsequent 
panhypopituitarism developed in two male pa- 
tients. In one instance this was secondary to 
surgical intervention and the other occurred 
following radiation. 

A total of 167 determinations of the twenty- 
four hour urinary excretion of neutral 1/7-keto- 
steroids and 140 determinations of urinary 
17-hvdroxycorticosteroids were performed. In 
Figure 8 the average values in patients with 
acuive disease are compared with the aver- 
age values in patients with inactive disease. 
In addition, tests utilizing ACTH for the deter- 
mination of adrenal responsiveness, as measured 
by the excretion of these moieties, were per- 
formed. ‘The values for 17-ketosteroids in the 
fifteen female patients believed to have active 
acromegaly averaged 11.5 mg. per day, with a 
range within thé normal limits of 5 to 15 mg. per 
day. Studies made on seven female patients 
with inactive disease yielded similar results 
(average, 10.6 mg.: range, 8.7 to 12.3 mg. day). 
as did those on male patients with inactive 
disease (average, 15.2 me. per day: range, 8 to 
22). 

The mean daily urinary excretion of: hydroxy- 
corticoids in fifteen patients of both sexes with 
active disease was 13.3 me., with a range from 
6.6 to 23.6 mg./day, except in one patient in 
whom the excretion averaged only 2.5 mg. day. 
Stimulation of the adrenal cortex by means of a 
six-hour intravenous corticotropin drip was Car- 
ried out in five patients. (Fig. 9.) Four responded 
in a fashion characteristic of the normal, with a 
two- to fourfold increase in total corticoid out- 
put. In one patient the’ twenty-four-hour 
excretion increased from 16 to 79 meg., which 
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might be considered an exaggerated response to 
this stumulus. Ihe single patient with abnor- 
mally low corticoid excretion responded nor- 
mally to ACTH, increasing from 2.5 to 40 mg. 
per day. Studies in these patients during the in- 
active phase of their acromegaly showed no 
statistically significant differences from those 
made during the active phase (values for the two 
patients in whom hypopituitarism developed 
were not included in these calculations). In 
addition to these direct laboratory indices 


of adrenal function, repeated determinations of 


serum sodium, potassium, chloride and carbon 
dioxide combining power were entirely within 
normal! limits. 


In summary, no significant deviations of 


adrenal function were encountered. 
THE ADRENAL MEDULLA 

No findings suggestive of increased activity 
of the adrenal medulla were obtained. When 
histamine stimulation, benzodioxane or phen- 
tolamine testing was performed, normal re- 
sponses consistently occurred. Unfortunately, 
urinary catecholamines were not measured. 

GONADS 

A history of impotence was obtained from 
three of the thirteen men with acromegaly. 
Decreased libido was present in eleven of the 
thirty patients studied. These subjective data are, 
of course, of uncertain significance. 

With regard to objective indices of gonadal 
function in the men, no patient demonstrated 
atrophic changes of the prostate, penis or testes. 
Semen analyses were not performed. The 
excretion of 1/7-ketosteroids, already sum- 
marized, averaged the expected 30 per cent 
higher in men than in women. 
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TABLE I 
ASSOCIATED DISEASES 


Disease No. of Patients 


Livpertensive heart diseas« LO 
Pre-diabetes 
Non-toxic nodular goiter 5 
Diabetes 4 
VivOoCardlal Intarction + 
Symptomatic osteoarthritis 4 
( JIsteoporosis 4 
2 
Megacolon 
Benign prostatic hypertrophy 2 
Active duodenal! ulcer 2 
(‘holelithiasis 2 
( nronik pyelonephritis Z 
(lolloid goiter 
Goite! i 
Epulis 
fibromyoma uterus | 
('arcinoma OI Cervix 
Endometrial polyps 
j 
\denocarcinoma of kidnev | 


(Jpstructive emphysema 
Bronchial asthma 


..Onvenitai absence Kiaqaney 


In tne seventeen women there was a multi- 


icity of complaints relating to the genital tract. 


[hree patients complained of amenorrhea, four 


of menorrhagia, one of oligomenorrhea, and one 
of irregular menses. A large proportion of our 
female patients had been subjected to hys- 
terectomy (seven of seventeen, or 41 per cent). 
In three instances hysterectomy had been per- 
formed for neoplasms (fibromyoma, carcinoma 


of the cervix and endometrial polyps). Three of 


the remaining four patients were subjected to 
hysterectomy to correct excessive uterine bleed- 
ing. Physical examination on admission revealed 


the presence of an enlarged clitoris in two 


patients. 
No impairment of fertility was manifested as 


only two of the sixteen married acromegalic pa- 


Were Darren. 


ASSOCIATED DISEASES 
Associated diseases observed in our series are 
tabulated in Table m1. 
Hypertension and Cardiomegaly. ‘Ten (37 per 
cent) of the twenty-seven patients with active 


acromegaly were found to have sustained diastolic 


hypertension (>100 mm. Hg). Eight of 


these individuals demonstrated enlargement 
of the cardiac silhouette when studied by 


teleroentgenography of the chest. Four of the 


Hamvw et al. 


eight patients showed enlargement of the left 
ventricle by electrocardiography and_ fluoros- 
copy, while the other four were found to have 
generalized cardiomegaly associated with con- 
gestive heart failure. In four instances the 
pattern of myocardial infarction was found by 
electrocardiography. Two patients with hyper- 
tension had a normal heart size: one was a 
twenty-six year old man who had had acro- 
megaly for five vears and the other was a 
fifty-seven vear old woman with associated 
diabetes. Of the ten patients demonstrating 
cardiomegaly, only two were normotensive. One 
of these had congestive heart failure secondary to 
a large myocardial infarction, the other had 
minimal cardiomegaly. 

Since congestive heart failure is listed as a fre- 
quent cause of death in acromegaly (| //,/2). 
enlargement of the heart may not be merely a 
reflection of the visceromegaly common to this 
syndrome. QOur data strongly suggest that 
cardiomegaly in the patient without congestive 
failure is secondary to hypertension and/or 
mvocardial infarction, and is characterized by 
left ventricular enlargement. 

The etiology of hypertension in acromegaly, 
is obscure. In two of our patients it was clearl\ 
of renal origin: both suffered from chronic 
pyelonephritis and one of them had previously, 
undergone nephrectomy for removal of a hyper- 
nephroma. In other patients no specific endo- 
crine basis for hypertension was suggested 
In spite of repeated phentolamine or histamine 
tests, excretory urography and careful study of 
adrenal and thyroid function. 

All three of the patients considered to have 
Inactive acromegaly at the first visit showed 
congestive heart failure. Two of these were 
hypertensive, and the third electro- 
cardiographic evidence of an old myocardial 
infarction. These three patients were all in the 
older age group, the youngest being fifty-eight 
vears of age. 

Osteoarthritis. Manifestations of degenerative 
joint disease were found in 74 per cent of the 
patients. In four patients these symptoms were of 
sufficient severity to be disabling and in two pa- 


tients warranted surgical intervention. The 


disabling symptoms were encountered in weight 
bearing joints. | 
Neoplasms. Six of the thirty patients had new 
growths. In two patients they were malignant: 
one had a carcinoma of the cervix at age thirty- 
six, and one an adenocarcinoma of the kidney at 


AMERICAN JOURNAL OF MEDICINE 


a 
= 
rs 
5 
Te 
ty 
2 
4 
> 
4 
pe 
4 
x 5 
ced 
9 
3 
3 
; 
if 
; $2: 
Me 
¥ 
3 2 


Acromegaly—-Hamwi et al. 697 


ACTIVE ACROMEGALY 


PRIMARY X-RAY l2 PRIMARY SURGERY | 


STILL ACTIVE 


@ @) 


SECONDARY SURGERY 3 


INACTIVE l2 


ACTIVE | 


Fic. 10. Results of therapy on the activity of thirteen 
patients with acromegaly. 


age thirty-nine. There were two patients with 
benign prostatic hypertrophy, and one each with 
epulis, papilloma of the larynx, and mediastinal 
cyst. These are in addition to the fibromyoma 
and uterine polyps already mentioned. 

Osteoporosis. UDemineralization of the verte- 
brae was diagnosed by roentgenographic exam- 
ination in three patients. In only one patient 
was this finding symptomatic, and this individual 
was a sixty-nine year old man whose height had 
decreased 6 inches due to multiple vertebral 
compression fractures. [The other two patients 
were women, aged forty-two and sixty-two. 

Gastrointestinal System. patients had 
abnormalities in the gastrointestinal system. In 
two patients active duodenal ulcers were demon- 
strated by roentgenograms. One of these had 
gastrointestinal bleeding and the other was 
unusual in that the ulcer was diagnosed when 
the patient was sixty-nine years of age. In the lat- 
ter patient gastric analysis demonstrated 64° of 
free acid. ‘Two patients had cholelithiasis. 

Three patients demonstrated varying de- 
grees of abnormal enlargement of the colon. In 
one patient the enlargement was_ primarily 
limited to the cecum, whereas the other two had 
generalized enlargement of the colon. One of 
these patients required 8 L. of barium to 
visualize the colon adequately. 

Respiratory System. Eighteen of the thirty pa- 
tients studied were considered to have a barre! 
chest but only one had obstructive pulmonary 
emphysema, and another had bronchial asthma. 

Genitourinary System. ‘There were two patients 
with severe chronic pyelonephritis, and one 
ultimately died of uremia (the only known death 


Seven 
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Fic. 11. Effect of therapy on visual fields. 


in this series). One patient was found to have 
congenital absence of one kidney. The two cases 
of benign prostatic hypertrophy, and one of 
adenocarcinoma of the kidney have already 
been mentioned. 

Evaluation of Therapy. Of the twenty-seven 
patients with active disease thirteen received 
either x-ray or surgical treatment, the results of 
which could be adequately assessed. Patients 
were not treated, even if the disease was con- 
sidered active, unless they complained of asso- 
ciated disabling symptomatology which usually 
consisted of a progressive disturbance in vision 
or persistent or progressive headaches. In one 
patient marked exacerbation of a pre-existing 
mild diabetes following surgery to the pituitary, 
was considered justification for radiation ther- 
apy. (Fig. 10.) 

The initial therapy utilized was x-ray except 
in one patient who was considered a neuro- 
surgical emergency. Varying roentgenographic 
technics were used during the period of this 
study, but in general a tumor dose of at least 
3,500 r was attempted in each patient treated. 
Twelve patients with active disease received 
x-ray treatment initially. Eight of these patients, 
re-evaluated within periods of one to nine years, 
were considered inactive. Of these, five had 
originally demonstrated visual field defects. In 
two of the five patients with visual field defects 
marked improvement occurred, while in the 
remaining three patients no change was demon- 
strated. Three of the twelve patients with active 
disease treated with x-ray required surgical 
intervention. In two, this was deemed advisable 
due to progressive loss of vision, in the other 
because of pituitary apoplexy. One patient 
treated with x-ray in 1952 and re-evaluated in 
1959 still is considered to have active acro- 
megaly. (Fig. 11.) 
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TPT ABLI 
FINDINGS 


Y SUMMARY OF VARIOUS LABORATORY 
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IN ACTIVE AND INACTIVE ACROMEGALY * 


2/ patients 14 patients 
Serum calcium (mg. per cent 10.4 (9.5-11.8 (10.0 10.4 >0.10 
Serum alkaline phosphatase (Shinowara units 621-42 >0.10 
Blood urea nitrogen (mg. per cent 12.0 (8-20 15.8 (8-28 >0.05 
7-Ketosteroid excretion (mg./24 hr. 2264-26 >0.10 
| /—Hvydroxvcorticoid excretion (mg./24 hr. [3.3 16.6 . 4-29.58 >0.10 
Protein-bound iodine (we. per cent ».6 (0. 7-105 <0.0] 
24-hour radioiodine uptake (per cent (11-68 0.0] 
Ba netabolic rate (per cent O 26 to +41 Y) 14 to +12 >0.10 
Serum cholesterol (mg. per cent 5 (110-285 21 21 524 >O0.10 
Numbers in parentheses indicate ranges. 
in the single instance in which surgery was held loss. Five of thirty patients did not have 
sed as the initial mode of treatment the indica- a grossly enlarged sella turcica by roentgeno- 
yn was marked loss of the visual fields. This graphic examination. Visual field defects were 
Ss dramatica improved by the surgical found in twelve of twenty-seven active Cases. 
tervention Table tv summarizes laboratory data. Follicle- 
All of the four patients treated by surgery ex- sumulating hormone was absent from the urine 
ited visual held defects, and three improved. or present in diminished quanuty in four of the 
[he vision of the fourth patient was unchanged SIX patients tested. No significant difference was 
urgery. In one patient in each therapeutic found in the blood urea nitrogen levels of the 
oup hypopituitarism developed. patients with actuwve and = inactive disease. 
lt should be emphasized that in no instance The serum inorganic phosphorus, however, was 
dad control of activity by therapy significantly, higher in the former group. 
the severity of the diabetes or hyper- Seven of twenty-seven patients had thyroid 
ion once these complications became firmly enlargement and one of the seven had_ the 
shed classic manifestations of thyrotoxicosis and 
exophthalmos with a nodular goiter. The 
twenty-four-hour radioactive iodine uptake was 
lwenty-seven of thirty patients with acro- higher and the serum protein-bound iodine 
iegaly were considered to be actively secreting was lower than in the inactive group. 
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these patients alter 


erowth hormone according to the fol- 


wing criteria: (1) progressive acral enlarge- 
ent (2) progressive loss of visual fields: 

persistent headaches; (4) recent onset or 
xacerbation of diabetes mellitus: (5) elevation of 


inorganic The clinical and 


phosphorus. 


atory findings of the twenty-seven patients 


h active disease were compared with the find- 


treatment. and with 


in other (untreated) patients in whom the 


ise was considered inactive. Fourteen cases 


prised the inactive group. 


patients presented a wide 


of complaints, with a non-characteristic 
as the most frequent symptom. There 


10 relation between the size of the sella and 


sity of symptoms or frequency of visual 


Four patients were overtly diabetic and seven 
patients had prediabetic glucose tolerance tests: 
thus eleven of twenty-seven patients with active 
disease had some impairment of carbohydrate 
In abnormal 
glucose tolerance tests prior to therapy, re- 


metabolism. patients with 
evaluation of carbohydrate metabolism revealed 
no improvement after the patients were treated 
and acromegaly considered inactive. 

No gross differences between the patients with 
active and inactive disease could be found 
in the urinary excretion of 17-ketosteroids and 
1 7-hydroxycorticoids. 

No gross objective abnormalities were found in 
the gonadal function of thirteen men with acro- 
megaly; however, nine of seventeen women had 
menstrual disturbances. Studies of the posterior 
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Acromegaly- 


pituitary, parathyroids and adrenal medulla 
vielded no evidence of altered function. 

Ten of twenty-seven patients with active acro- 
megaly had sustained diastolic hypertension. Of 
these, eight had cardiomegaly. Two patients had 
cardiomegaly in the absence of hypertension. 
one due to myocardial infarction. 

Qf thirteen patients with active acromegaly. 
twelve were subjected to x-ray therapy. In eight 
the inactive. Three 
of the four remaining patients were subjected to 


of these disease became 
surgery due to progressive deteriorauion in vision 
and, in a single instance, to pituitary apoplexy. 
In one patientin each of the two treatment groups 
panhvpopituitarism ultimately developed. 

Fight of the nine patients with active disease 
and visual field defects were treated by radia- 
Iwo had definite improvement in their 
visual fields, three remained unchanged, and 
definite deterioration in vision occurred in three. 
The latter three patients and one patient who 
had marked impairment of vision when first seen 
The held 


proved in the first three and remained un- 


were treated surgically. visual 1m- 


changed in the latter. 
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HE patient was an eighty-two year old white 
housewife. who was admitted to Barnes 


Hospital for the fifth time on December 7, 1956 
and died on January 13, 1957. Her first hospital 
admission was on January 1, 1941 to February 
19 


1941. The diagnosis was acute cholecystitis, 


cholelithiasis and 


A cholecystectomy was performed. Her second 


generalized arteriosclerosis. 
hospital admission was on February 9, 1942 to 
1942. The 


sclatic nerve 


diagnosis was chronic 


of and hypertrophic 
hritis. Her third hospital admission was 
LO 24, 1945. 


carcinoma breast and 


Osteoart 


| Jar 


()ctober 
the 


on October 


Li. 


sim 


ionosis Was of 
ple excision of mammary gland was per- 
formed. 
March 


Her fourth hospital admission was on 


duration. 
the 
diarrhea for many years, which had been ade- 


Ce ivsS 


for intermittent presence 
quately controlled with diet and the administra- 
tion of bismut] 


ler ankles for the past few months, the patient 


1, and a minimal, constant aching 
in | 
was apparently well until three days prior to 
admission. At this time she noted large ecchymotic 
areas periorbitally, on the left elbow and the 
right forehead. One day prior to admission, she 


noted the eruption of a large ecchymosis on the 
medial aspect of the right knee, and the devel- 
opment of numerous small ecchymoses over the 
extremities rapidly followed. She complained 
only of a slight cold and sore throat, but denied 
any history of fever, chills, or bleeding. Except 
for the use of salicylates during the last few 
months for an ache in her ankle, she denied any 
intake of drugs. 

The 
diarrhea for many years. There was no history 


patient had intermittent 


of abdominal pain, nausea, vomiting, hemateme- 


episodes of 


9, 1954 to April 19, 1954 for “‘brutses”’ of 


of 


700 


sis, or melena associated with these episodes, 
though blood was occasionally present at the 
end of a bowel movement. Her physician be- 
lieved that the diarrhea was indicative of an 
idiosyncrasy to some foods and had maintained 
her on dietary and bismuth therapy. The records 
of her first three hospitalizations were not avaul- 
able. The patient admitted to the intake of 
alcohol, but denied any history of smoking. The 
of sixty-two 


patients mother died at the ag 
vears with diabetes mellitus. 
Physical examination revealed a blood pres- 
sure of 180/90 mm. Hg, a pulse of 90, respira- 
tions of 20, and a temperature of 36.7°c. The 
patient was a well developed, elderly white 
in with large 
chymoses around the right eye, left forearm, 
flexor surface of right forearm, right thigh and 
knee. There were no petechiae. Her pharynx 
was injected and she had lenticular opacities 
bilaterally. There was dorsal kyphoscoliosis with 
an increase in the posteroanterior diameter of the 
thorax. The point of maximal impulse of the 
heart was in the sixth intercostal space at the 
anterior axillary line and there was a grade 3,6 
Except for 


woman no acute distress ec- 


blowing apical systolic murmur. 
puffiness and tenderness of the right ankle the 
of the examination revealed no 
abnormalities. 

Laboratory data were as follows: the hemo- 
globin was 12.6 gm. per cent, the packed cell 
volume 42 per cent, white blood cell count 
9,250 per cu. mm. with 43 per cent segmented 
forms, 1 per cent stabs, and 56 per cent lympho- 
cytes. The urine had a specific gravity of 1.021, 
pH 5.0, trace protein and negative sugar reac- 
tion; examination of the centrifuged urinary 
sediment revealed two to four white blood cells 
per high power field. The blood cardiolipin 


remainder 
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reaction was negative. Stool examination on 
admission had negative results for occult blood 
and neutral fat. Normal values were reported for 
the serum proteins, non-protein nitrogen, fast- 
ing blood sugar, prothrombin time, cephalin- 
cholesterol flocculation, thymol turbidity, alka- 
line phosphatase and reticulocyte and platelet 
counts. Clot retraction was normal as was the 
bleeding time, the silicone clotting time, and the 
tourniquet test. Roentgenograms of the chest 
were interpreted as showing moderate cardiac 


enlargement, left ventricular enlargement, pul-_— 


monary emphysema and old fracture deformities 
of the right rib cage and clavicle. The elec- 
trocardiogram was interpreted normal 
with auricular ventricular premature 
contractions. 

The patient was subjected to skin scratch 
and patch tests for numerous drugs and chemi- 
cals with which she had contact; all gave 
negative results except for chloral hydrate 
which had positive results; this occurred in the 
control subject as well. After the first six days 
of hospitalization, no new areas of purpura 
appeared and, except for the appearance of pain 
in her left shoulder area the patient improved 
and was discharged. 

Her fifth hospital admission was on December 
7, 1956 to January 13, 1957 for fever of two 
days’ duration. The patient was unable to give 
any history, but apparently had done well except 
for the presence of a chronic mild, non-produc- 
tive cough which had become worse during the 
two days immediately prior to her admission. 
During this latter period, she noted bloody 
sputum and complained of a sore throat, upper 
chest pain, and fever. There was no history of 
chills, night sweats, abdominal pain, nausea, 
vomiting, back pain, or dysuria. 

Physical examination revealed the following: 
blood pressure 160/80 mm. Hg, pulse 86, 
respirations 26, temperature 38.4°c. The patient 
was an elderly, dehydrated white woman, who 
was poorly responsive, confused, and at times, 
antagonistic. Her skin was warm and dry with 
poor turgor. Her tongue was beefy-red and dry. 
She had lenticular opacities bilaterally. There 
was dorsal kyphoscoliosis with an increase in the 
posteroanterior diameter of the thorax. There 
were scattered rales and rhonchi in both lung 
fields posteriorly. The heart could not be 
examined adequately. The remainder of the 
examination revealed no abnormalities. 

Laboratory data were as follows: the hemo- 
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globin was 11.4 gm. per cent, white blood cell 
count 9,950 per cu. mm. with 72 per cent 
segmented forms, 26 per cent lymphocytes, and 
2 per cent monocytes. The urine had a specific 
gravity of 1.021, pH 4.5, trace protein and nega- 
tive sugar reaction; examination of the centri- 
fuged urinary sediment showed an occasional 
white blood cell per high power field. The 
admission and subsequent stool examinations 
had negative results for occult blood and neutral! 
fat. Non-standard roentgenograms of the chest 
were interpreted as showing no gross abnormali- 
ties of the heart and lungs, but both examinations 
were taken in expiration. The electrocardio- 
gram was said to show an abnormal form of 
ventricular complex and first degree auriculo- 
ventricular heart block. Sputum culture demon- 
strated gram-negative, lactose fermenting rods 
which were mucoid in appearance: its adminis- 
tration killed a mouse in thirty-six hours. It was 
believed to be compatible with klebsiella. The 
report of antibiotic sensitivity tests showed that 
there was no growth of the organism in 1.5 ug. 
per cc. of Aureomycin® and Terramycin,* 
0.025 units per cc. of penicillin, 0.025 weg. per cc. 
of Achromycin® and streptomycin, and 20 ug. 
per cc. of Chloromycetin.* There was a heavy 
growth of pyocyaneus on culture of the urine 
and no growth on culture of the blood. The fast- 
ing blood sugar was 116 mg. per cent, serum 
non-protein nitrogen 29 mg. per cent, sodium 
153 mEq. per L., potassium 3.4 mEq. per L., 
carbon dioxide 25.2 mEgq./L., chloride 116 
mEq. per L., calcium 6.2 mg. per cent, phos- 
phorus 4.3 mg. per cent, alkaline phosphatase 
5.6 Bodansky units, albumin 3.7 gm. per cent 
and globulin 2.1 gm. per cent (repeat value was 
2.5 gm. per cent). (Fig. 1.) 

The administration of aqueous penicillin was 
begun but the patient continued to have nightly 
temperature elevations up to 39.8°c. during the 
first six days of hospitalization. On the fifth day, 
a seven-day course of Achromycin and a twenty- 
seven-day course of Dicrysticin® was initiated. 
During this period the patient remained seriously 
ill and demonstrated a decreased output of urine, 
although incontinence prevented its quantita- 
tion. During the fifth day the patient had a 
grand mal convulsion, which was followed by 
the appearance of cyanosis, stupor, generalized 
muscle rigidity and resistance to passive motion. 
Therapy with intravenously administered fluids, 
calcium gluconate, potassium chloride, and 
vitamins was instituted. On the next day the 
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itation of the laboratory observations during the last hospital admission. 


as 60 me. per cent. 


calcium 11.4 mg. per cent, phosphorus 10.5 mg. 


per cent, and the white blood cell count was 


+.650 per cu. mm. Repeat 


no srow tn and urin 


blood culture re- 
e culture demon- 


strated only one colony of pyocyaneus. Examina- 


tion of the urine was unchan 


ged except for the 


presence of five to ten white blood cells per high 


powe!l in the centriluge d 
i here were signs of pneumon 


obe of the lung on physical C 


urinary sediment. 
ia of the left lower 


xamination at this 


time. Fluids were intravenously administered 


hroughout the second week. 


(concomitant with 


iaily output of urine ranging from 975 cc. to 


there was a progress 
. ? 


protein nitrogen during tne 
1 


remainder of the 


tor a falling of CO, Capacit 


ive rise in the non- 
next six days to a 


iximum of 121 mg. per cent December 19. 


stry values, except 
y (20.2 mEq. per 


1..), approximated the values noted on admis- 


sion. The prothrombin time was 48 per cent 
of normal and the cephalin-cholesterol floccula- 
tion was 3 plus. The temperature ranged be- 
tween 38° and 37°c. during the second week (it 
remained normal throughout the rest of her 
hospitalization). The patient became less stupor- 
ous, although some confusion remained. Lum- 
bar puncture and examination of the spinal 
fluid demonstrated no abnormalities. Muscle 
rigidity was less marked. 

On the thirteenth hospital day the patient was 
begun on tube feedings which, in addition to 
dietary constituents, contained calcium lactate, | 
Parentesol,® paregoric, and Sulfasuxidine.” Para- 
thyroid extract was given intramuscularly. Dur- 
ing the next week the pneumonic process was 
believed to have cleared and the white blood 
cell count fell to 10,000 per cu. mm. Tetany, 
which had not been controlled by calcium 
gluconate, was somewhat relieved by para- 
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thyroid extract. [The patient now appeared 
semicomatose; she was restless but unrespon- 
sive. A progressive decrease in the non-protein 
nitrogen (65 mg. per cent) and phosphorus 
(1.5 me. per cent) had occurred by the nine- 
teenth day. During this period, the blood 
calcium ranged from 10.6 me. per cent to 
13.8 me. per cent and the blood sugars from 
164 me. per cent to 435 me. per cent. No evi- 
dence of glycosuria was obtained on the dails 
C‘linitest” examinations. 

During the fourth and fifth weeks of hospital- 
ization (December 28 to January 10) there was 
no change in the physical status of the patient 
except for the transient appearance of a gener- 
alized skin rash. The blood non-protein nitrogen 
had fallen to 26 mg. per cent, the fasting blood 
sugar to 80 mg. per cent and the remaining blood 
chemistry values showed only minor alterations. 
The white blood cell count and urinalysis were 
within normal limits. : 

Qn January 11 (the beginning of the sixth 
week) the blood pressure Was noted to have 
fallen from the usual 175, 60 to 130,50 mm. Hg 
and was accompanied by a marked increase in 
stupor. Neurological examination revealed ab- 
sent knee and ankle jerks bilaterally, generalized 
rigidity of the extremities, greater in the arms, 
anesthesia of the right hand, and a general 
withdrawal of both legs and the left hand in 
response to a non-specific painful stimulus. On 
January 12 the urine output fell to 650 cc., the 
systolic blood pressure ranged from 70 to 100 mm. 
He, respirations became irregular and there was 
a rapid increase in the depth of her coma. She 
died quietly on January 13. 


CLINICAL DISCUSSION 


Dr. Sor SHERRY: The patient discussed today 
presented us with a diagnostic problem. She had 
had five admissions to Barnes Hospital. [he first 
three were in the early 1940°’s and the records 
were unavailable. In 1954 at seventy-nine years 
of age she entered the hospital with a purpuric 
eruption, of unknown etiology, which spon- 
taneously subsided. Upon discharge it was 
believed that the illness represented a drug 
purpura. In December 1956 at the age of eighty- 
two, she was admitted to the hospital critically ill 
with a febrile disease believed to be Friedlander 
pneumonia. Her course was complicated by severe 
hypocalcemia, neurological difficulties, transient 
renal failure, and all types of electrolyte ab- 
normalities fluctuating hyperglycemia. 
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Although her fever subsided, she always remained 
seriously ill. She died during the sixth week of 
hospitalization after a fall in blood pressure and 
an aggravation of her neurological abnormali- 
ties. Dr. Walsh has been kind enough to 
summarize her electrolyte findings in chart 
form. (Fig. 1.) Dr. Brown will present the 
roentgenographic findings. 

Dr. Mark Brown: [wo roentgenographic 
examinations of the chest were performed on this 
pauent. [he first one was taken shortly after the 
next to last admission. [his shows cardiac en- 
largement that Is primarty left ventricular. The 
lung fields are somewhat emphysematous. 
There is an abnormality of the distal right 
clavicle which is consistent with an old frac- 
ture. There is also a deformity along the 
right rib cage. again thought to be due to 
old fractures. The second set of films were taken 
on the last admission and were supine be- 
cause of the patient's poor condition. Again 
the changes in the distal right clavicle and 
the right rib cage are noted. No change occurred 
in the two-vear interval. The cardiac enlarge- 
ment is as before. In spite of the clumping of the 
vessels due to expiration there is superimposed 
upon this some infiltration in both lower 
lobes, particularly in the left, consistent with 
pneumonia. 

Dr. SHERRY: What about the state of the 
bones, other than the old fractures? 

Dr. BRown: On the lateral film of the initial 
examination, osteoporosis with generalized de- 
mineralization and hypertrophic changes in the 
dorsal spine are seen. I do not believe we can go 
any further than that on these examinations. 
She was eighty-two vears old and the demineral- 
ization is consistent with her age. 

Dr. SHERRY: Do you believe the fractures 
were on a traumatic basis? 

Dr. Brown: I think so. This would be a very 
unusual place for a pseudofracture. If this were 
metastatic, it should have changed over a two- 
vear period. 

Dr. SHERRY: Dr. Noah, during the patient’s 
admission in 1954, a diagnosis of drug purpura 
was made. In retrospect, are you satisfied that 
this patient had a drug purpura? 

Dr. JOSEPH NOAH: I think that it is likely. 

Dr. SHERRY: In patients with gastrointestinal 
disorders, as a consequence of possible peculiari- 
ties in absorption, are drug purpuras more 
likely to develop. I raise this point since our 
patient may have had an underlying gastro- 


intestinal disorder as suggested by her history 
of chronic intermittent diarrhea. 

Dr. NOAH: In persons who have a familial 
and personal tendency to allergic reactions, drug 
reactions are likely to develop. If we accept this 


patient's intermittent diarrhea as an instance of 


allergy to certain foods, then this would be one 
point in favor of the allergic origin of the 
purpura. 

Dr. SHERRY: Has the mechanism of allergic 
purpuras been established? 

Dr. NOAH: It is thought that in patients in 

whom the platelet count 1s within normal limits, 
the defect occurs in the capularies. However, as 
far as | am aware this has not been established 
on an anatomical or histologic basis. 
Dr. SHERRY: When our patient was admitted 
the hospital on her final admission, it was 
Delieved that she had a Friedlander’s pneu- 
monia. Dr. Harford, are vou satisfied with this 
diagnosis? 

Dr. Cart G. Harrorp: I think that the 
reason for suspecting this diagnosis was that 
cultures of sputum contained mucoid colonies of 
Dacteria that fermented lactose, and were 


pathogenic for mice. However, there are two 


OFT 


major difficulties. In the first place, it was 


apparently not determined whether the organ- 
ism had a capsule nor was a Quellung reaction 
carried out with capsular antiserums, although 
some of such antiserums are available. Thi 
information is, therefore, not complete enough 
for us to know whether or not this organism was a 
Friedlander’s bacillus. Coliform bacteria with 
mucoid colonies are often cultivated from 
sputum of patients with pulmonary infection: 
it is not at all certain that these organisms are 
causing pulmonary infection. In fact, similar 
bacteria are frequently obtained from sputa of 
patients who do not have any evidence of 
pulmonary infection. Therefore, I do not think 
that the present bacteriological evidence 1s 
sufficient for us to make a diagnosis of Fried- 


lander’s pneumonia or to know whether or not 
the patient had bacterial infection of the lungs. 

Dr. SHERRY: Are we seeing a different type of 
friedlander’s pneumonia in hospitals today as 
contrasted with the classic description of a pa- 
tient who is desperately ill, with very thick 
‘currant jelly,’’ or mucoid sputum, and exten- 
sive boggy infiltrates in the lung? 

Dr. HARFORD: I cannot say whether or not the 
yatterns are changing. I do know that en- 
‘apsulated coliform bacilli that produce mucoid 
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colonies and are pathogenic for mice are isolated 
from sputum quite frequently. Sometimes the 
patients have pneumonia and sometimes they do 
not. The clinical picture associated with these 
organisms is usually not what you have just 
mentioned. 

Dr. SHERRY: Some physicians differentiate 
between acute and chronic Friedlander pneu- 
monias; it is said that chronic Friedlander pneu- 
monias may give a picture resembling bron- 
chiectasis or pulmonary tuberculosis. Do you 
make that differentiation? ‘ 

Dr. HARFORD: I have read papers concerning 
chronic pulmonary infections with this type of 
organism. However, I think that simply cultivat- 
ing such bacteria from the sputum is not ade- 
quate evidence to indicate that these organisms 
are actually causing pulmonary Infection. 

Dr. SHERRY: Dr. Kipnis, some reports state 
that diabetes is associated with Friedlander’s 
pneumonia with an incidence as high as 20 per 
cent. On the basis of the data available do 
you believe our patient was a diabetic and how 
well documented is this association? 

Dr. Davin Kipnis: I believe the patient did 
have mild diabetes and that the degree of 
hyperglycemia and hence the consequent gly- 
cosuria paralleled the severity of her illness. 
\When the fever abated and the pulmonary infec- 
tion apparently cleared, the blood sugars re- 
turned toward normal levels. The accentuation 
of intolerance to carbohydrates associated with 
infections is well documented and I think that 
we have a case in point. It is sull not clearly 
established whether patients with diabetes are 
predisposed to Friedlander bacillus infections or 
whether series of patients with Friedlander 
infections have a high incidence of diabetes. For 
example, reports can be found reviewing 20,000 
consecutive diabetic patients at the Baker clinic 
where only two patients with Friedlander 
infection were observed. This is well within the 
expected incidence in a_ general hospital 
population. 

Dr. SHerry: Dr. Harford, our patient had a 
high fever, and when she was treated with 
antibiotics her fever subsided and she remained 
fairly normal for the last few weeks of her illness. 
Under such circumstances, is it still possible 
that she could have had an initial infection, for 
example in her lungs, which disseminated to her 


‘brain or elsewhere and caused her death? 


Dr. Harrorp: I think she could have had 
metastatic infectious foci, or the presence and 
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persistence of a pulmonary infection may have 
been a factor which contributed to her death. 

Dr. SHERRY: Would the fact that the patient 
became afebrile with a disappearance of leuko- 
cytosis rule out such a complication? | 

Dr. Harrorp: No. This happens frequently, 
especially in older people and in people who are 
extremely debilitated. 


Dr. SHERRY: Dr. Levy, what do you think of 


the possibility that a brain abscess developed in 
this patient which smouldered along and finally 
caused her death? 

Dr. Irwin Levy: I suppose it is possible, but 
there is no evidence to support such a supposi- 
tion. 

Dr. SHERRY: Let us now consider the most 
fascinating aspect of this patient’s illness, namely, 
the hypocalcemia which was present at the time 
of admission. As you will recall, she entered the 
hospital with an acute febrile illness and a 
serum calcium of 6.2 mg. per cent; five days 
later she had a convulsion and then promptly 
went into renal failure. Dr. Daughaday, do you 
believe the patient actually had her convulsion 
on the basis of hypocalcemic tetany? 

Dr. DauGHapaAy: We have ex- 
amined the record very carefully and there is a 
little bit of doubt about the relationship of the 
second serum calcium to calcium therapy. It is 
likely, however, that this person did have a 
hypocalcemic convulsion. The problem of hypo- 
calcemic convulsions in adults is an interesting 
one. Convulsions as an initial or a major mani- 
festauion of hypocalcemia are very Common in 
children and may be their only difficulty. In 
adults, without brain lesions, almost without 
excepuon, paraesthesias and tetanic spasms are 
the earliest) manifestations of hypocalcemia. 
Convulsions can occur without tetany if the 
hypocalcemia is superimposed on an irritable 
cerebral focus. 

Dr. SHERRY: Dr. Levy, do we have to con- 
sider factors in this convulsion other than the 
hypocalcemia? 

Dr. Levy: Since we are dealing with the brain 
in an eighty-two year old patient who had 
pneumonia; one can assume the brain was some- 
what hypoxic. To this we can certainly add serious 
electrolyte changes. I think there are so many 
known factors here that there is an adequate 
explanation for the convulsion without resorting 
to a single space occupying focal lesion or pri- 
mary pathologic disorder of the brain. 

Dr. DauGcHapaAy: I would just like to mention 
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that edema of the brain may occur in pro- 
longed hypocalcemia. Papilledema can occur 
as Drs. MacBride and Barr described some years 
ago. 

Dr. SHERRY: Sometimes this edema can be 
focal and produce focal signs. What are the 
causes of hypocalcemia tetany in an adult? 

Dr. DAuGHADAY: The major factor in main- 
taining blood calcium is the parathyroid hor- 
mone. Either. the patient had a deficiency of 
parathormone, was unable to mobilize it, or 
could not utilize it, as occurs in pseudohypo- 
parathyroidism. Before going on to the other 
possibilities let us just consider the following. 
Idiopathic hypoparathyroidism is a rare disease. 
Until 1958, there were only fifty cases reported 
and the oldest patient that we could find had an 
onset of the disease at fifty years of age, so that 
to consider hypoparathyroidism is a guess. In 
order to make the diagnosis with any confidence 
a concomitant hyperphosphatemia which the 
patient did not have would be required. Further, 
I am always uneasy about making the diagnosis 
of hypoparathyroidism in the presence of 
potential calcium loss. This patient had a frank 
history of diarrhea and so far as we can make out 
from the history had frequent loose bowel move- 
ments in the hospital. As tempting as the diag- 
nosis of hypoparathyroidism would be, I would 
personally be against it. Now, what do we have 
to offer as an alternative possibility? We could 
postulate acute losses of calcium from the blood 
stream and one diagnosis we talked about in the 
metabolic division is unrecognized pancreatitis. 
However, it becomes hard to make this diagnosis 
in the absence of symptoms and the duration of 
the hypocalcemia is a litthe unusual. Another 
possibility is that she had calcium loss in her 
feces, and because of her osteoporosis there was a 
defective mobilization of bone calcium. I was 
rather interested in a report by Finberg®* that 
when hypernatremia was produced in rats, it 
caused an acute lowering of blood calcium. 
Their experiments were prompted by the occur- 
rence of hypocalcemia and hypernatremia in 
infants with diarrhea. We are at the opposite 
end of the age scale, but perhaps the mecha- 
nism would still be a contributory factor in our 
patient. We have no direct evidence of excessive 
loss of calcium. The clinical picture of the bone 
is not suggestive of osteomalacia, but more sug- 

* FINBERG, L. Experimental studies of the mechanisms 


producing hypocalcemia in_ hypernatremic _ states. 
Journal of Clinical Invest., 36: 434, 1957. 
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gestive of osteoporosis and this supposition Is sup- 
ported by the normal alkaline phosphatase. 
Considering all probabilities, | would suspect 
that she had losses of calcium in the gastro- 
intestinal tract, probably acute and chronic. 
with osteoporosis which led to defective mobiliz- 
ation of calcium. 

Dr. SHERRY: Can adult tetany result from 
renal losses of calcium? 

Dr. DAUGHADAY: letany can rarely occur 
from renal losses of calcium. The metabolic 
response to a chronic but small loss of calcium 1s 
the development of secondary hyperparathy- 
roidism so that the serum calcium is maintained 
at the expense of the bones. You get a low serum 
phosphorus and a normal or slightly low cal- 
cium. However, we have seen some patients 
with extensive calcium loss, as 1n sprue, in whom 
it was quite likely that there was a relative 
hyvpoparathyroidism. This has been reported by 
other investigators in the literature. 

Dr. SHERRY: Thus, most of the adult hvpo- 
calcemic situations occur as a result of either 
hypoparathyroidism per se, losses of calcium 

| 


ither through the gut or the kidney, or by 
sequestration such as in pancreatitis. Although 
tetany usually does not result In most patients 


A 


with these abnormalities, a poor parathyroid 
response to the calcium loss sensitizes these per- 
sons to the development of frank tetany. 

Dr. DaAuGHADAY: Occasionally in human 
subjects, but much more commonly in cows, 
hypocalcemia is a result of lactation. 

Dr. SHERRY: Dr. Drake, you probably have 
had as much experience with idiopathic hypo- 
parathyroidism as anyone in the world. What do 
you think of the possibility of idiopathic hypo- 
hvroidism in this patient? 

Dr. TRUMAN DRAKE: I would agree with Dr. 
yaughaday that this diagnosis is not very likely, 


here. The triad required for the diagnosis of 


hvpoparathyroidism is not present. We do not 


know what the urinary calcium 1s, either by 
qualitative or quantitative measures. We do not 


so many other complicating factors here that it 
ould not be necessary to postulate idiopathic 
nvpoparathyroidism. 

Dr. SHERRY: Since idiopathic hypopara- 
thyroidism has never been described as having its 
onset so late in life, I believe we can exclude this 
diagnosis from further consideration. Dr. Bricker, 


can we also exclude renal wasting of calcium as 


the explanation for the hypocalcemia? 


Dr. NEAL Bricker: | think it is unlikely that 
the patient had renal tubular acidosis or the 
Fanconi syndrome, in that we have no support- 
ine data for either of these diagnoses. It also 
seems unlikely that she had idipoathic hyper- 
calciuria. In any event, hypercalciuria would not 
have persisted during the period of time she had 
acute renal failure even if it had been present 
initially. 

Dr. SHERRY: Dr. Reiss, do you agree with Dr. 
Dyaughadavy’s final interpretation that the hypo- 
calcemia was due to gastrointestinal losses and a 
poor parathyroid response, or do vou think that 
there is another mechanism responsible? 

Dr. Eric Reiss: I would like to point out that 
only the first two calcium and_ phosphorus 
values are disturbing. Subsequently, the data are 
readily explained by the development of renal 
insuthiciency and the therapy that was given. 

Dr. SHERRY: If only the initial hypocalcemia 
is obscure and renal insufficiency explains the 
subsequent low levels, then how do we explain 
the hvpercalcemia which developed later? 

Dr. Reiss: When [ first saw this protocol I 
was suspicious of a series of laboratory errors. 
However, a review of the protocol and the chart 
made it clear that therapy influenced the later 
values of calcium and phosphorus. For example, 
the administration of parathyroid hormone was 
begun on December 19. The dosage used was 
100 units six times a day. Six hundred units a day 
is quite sufficient to produce a picture of hyper- 
calcemia and hypophosphatemia, both of which 
developed. Additional doses of parathyroid 
hormone were given subsequently. Starting on 
December 29, vitamin I) was added to the 
regimen at a dosage of 20,000 units a day: this 
again introduces still another variable. I beheve 
that the crucial problem is one of deciding what 
caused the renal insufhiciency. 

Dr. SHERRY: Dr. Shatz, we are left with the 
suggestion that this patient had some chronic 
calcium loss from her bowel on the basis of some 
gastrointestinal disease. Can you suggest a 
gastrointestinal disease which might satisfy us? 

Dr. BurTON SHatrz: There is littl evidence 
for malabsorption other than the low serum 
calcium and diarrhea. 

Dr. SHERRY: She did have a prothrombin of 
48 per cent at one point. 

Dr. SHarz: Right. Several features in this 
patient suggestive of malabsorption can be 
picked out: diarrhea for a long period of time, 
one prothrombin of 48 per cent, fractures of 
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bones coupled with low serum calcium, and a 
beefy red tongue on the second admission. How- 
ever, features against the diagnosis of malabsorp- 


tion are the following: stools were negative for 


fat; the blood proteins were normal; and the 
blood pressure was a little on the high side 


which. for some reason. is unusual in states of 


malabsorption. More than 30 per cent of these 
patients have systolic pressures lower than 100 
mm. Hg. In a series of 124 patients with sprue 
and malabsorption, only 5 per cent had systolic 
blood pressures over 150 mm. Hg. However, the 
statement the protocol referring the 
absence of fat in stools probably means that the 
stools were examined microscopically and no fat 
globules were seen or were stainable. We know 
that about 20 per cent of patients with steator- 
rhea will have no microscopically visible fat. 

Now, if this patient does have malabsorption. 
the possibilities can be grouped into” two 
categories. First, those in which there is disease 
in the small intestinal wall, for example: sprue, 
Whipple’s disease, metastatic or primary neo- 
plasm, diffuse inflammatory disease, or diffuse 
vascular disease of the small bowel. Second, 
those pathologic disorders due to some pan- 
creatic exocrine function deficiency. In_ this 
patient the only features in favor of a pancreatic 
disturbance were the mild diabetes, and possibly 
the hypocalcemia, but there was nothing else 
that went along with it. So. that if we are going 
to sav this patient had a malabsorption syn- 
drome, | would favor some primary diesase 
of the small bowel. 

Dr. SHERRY: What about the possibility of a 
regional ileitis? This disease can be very insidi- 
ous In its nature. 

Dr. Suarz: Regional ileitis? | did not con- 
sider that possibilitv. However, regional ieitis 
In a woman this age which had been going on for 
so long with malabsorption as the only evidence 
of this disease would be very rare. 

Dr. SHERRY: Does the history of arthralgia 
help us? 

Dr. Suarz: That, | think, would be more in 
keeping with Whipple’s disease. 

Dr. SHERRY: Is not Whipple’s disease seen 
more often in males? 

Dr. SHAtz: Eighty per cent males, twenty per 
cent females. 

Dr. SHERRY: Does not the absence of wasting 
or lymphadenopathy also mitigate against 
Whipple’s disease? 

Dr. SHAatz: Right. I agree that there is not a 
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good case for any single primary anatomical 
disease of the gastrointestinal tract. 

Dr. Reiss: Although all of us agree that this 
woman probably did not have hypoparathyroid- 
ism, 1t might be worth pointing out that three 
diseases are commonly associated with one 
another: idiopathic hypoparathyroidism, sprue, 


and Addison’s disease. This combination of 


problems occurs primarily in young people. It 
might just be worth mentioning that one possible 
explanation for the association of two of these 
diseases is that patients may begin with sprue 
and then secondary hyperparathyroidism will 
develop as well as a tendency to bleed due to 
malabsorption of vitamin K. Hemorrhage in 
patients with hyperplastic parathyroids would 
then result in parathyroid deficiency. 

Dr. SHERRY: Dr. Shatz, do you or do you not 
believe this patient had a malabsorption 
syndrome? 

Dr. SHatz: I do not. 

Dr. SHERRY: What about pancreatitis? Can 
this disease be so masked that a person might 
have an acute pancreatitis with marked seques- 
tration of calcium yet not show any abdominal 
findings or shock? 

Dr. SHatz: I would say no. In patients in 
whom hypocalcemia with acute pancreatitis 
develops there is severe pancreatitis and the 
diagnosis is usually fairly obvious. I think there 
is one other possibility that we ought to mention. 
The patient had a carcinoma of the breast in 
1945 and although this is a long time, we know 
that metastatic lesions of carcinoma of the breast 
may show up many years after the primary 
lesion has been removed. 

Dr. SHERRY: It is of interest that a patient has 
been described with extensive metastases to the 
parathyvroids from a carcinoma of the breast, 
but in this instance hypoparathyroidism was not 
present. 

Dr. SHERRY: Dr. Bricker, can you give us an 
adequate explanation for her renal failure? 

Dr. Bricker: | think that we can put a num- 
ber of possibly related facts together in the fol- 
lowing way: the renal failure had its onset after 
the patient was admitted to the hospital. It was 
characterized initially by oliguria and thereafter 
by a period of progressively increasing urine 
volumes; and during the early phases of oliguria 
and polyuria her non-protein nitrogen con- 
tinued to rise. Subsequently, both the urine vol- 
ume and non-protein nitrogen decreased and 
ultimately the latter returned to its base line level. 
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on the basis of its natural history then, it 1s fair 
to define this syndrome as acute renal failure; 
perhaps the most common cause of this particu- 
lar sequence of events in an aged, debilitated 
woman, with an intercurrent infectious disease, 
marked extrarenal losses of body fluids, and a 
labile blood pressure which have led to unde- 
tected bouts of hypotension, was acute tubular 
necrosis. Untfortunately, we know very little 
about her urine sediment and essentially nothing 
about the composition of her urine. It would be 
helpful to know the urinary osmolality or 
specific gravity, the urinary sodium concentra- 
tion, the creatinine UP ratios, etc. In the ab- 
sence of at least some of these data I do not 
think we can document this diagnosis, but 
certainly on statistical grounds it would be the 
most likely one. One or two facts about her 
renal function merit comment. The patient had 
hypernatremia on admission, In a person with a 
contracted extracellular fluid volume, hyper- 
natremia imphes that the loss of water was 


out of proportion to the loss of sodium. Perusal of 


her chart indicates that her urine was hypotonic 
at the time that her plasma was markedly 
hypertonic. This then raises the following two 
that her thirst mechanism was 
that her renal ability to con- 


possibilities: (1) 
defective; and (2) 
serve water was impaired. The causes of the 
latter disorder in this patient might include 
potassium depletion and hypercalcemia: hyper- 
calcemia can probably be excluded on the basis 
of the initial low calcium value, although the 
rapidity of induction of hypercalcemia in asso- 
ciation with the administration of parathyroid 
hormone might make one wonder whether or 
not there might not have been elevated blood 
calcium levels before admission. 

DR. SHERRY: It is well recognized that hyper- 
calcemia can cause acute renal dysfunction. Can 
hypocalcemia also produce renal dysfunction? 

Dr. BrICKER: Not to my knowledge, Dr. 
Sherry. However, I might add one other point. 
it has recently been suggested that both hyper- 
calcemia and potassium depletion may be asso- 
clated with primary disturbances of the thirst 
mechanism as well as the renal concentrating 
mechanism. At least in the case of hypercalcemia 
the evidence seems reasonable that polydipsia 
may be in part independent of the concentration 
defect. [Thus a marked mental depression must 
have been an accompanying factor, if her 
hypernatremia is to be explained on the basis of 
potassium depletion. She was an eighty-two year 


old woman, and statistically there is a good hke- 
lihood of some foci of pyelonephritis as well as 
widespread nephrosclerosis. 

Dr. SHERRY: Dr. Reichlin, everyone here 
seems perfectly confident that the hypernatremia 
and hyperchloremia can be explained” on 
dehydration and alterations in the thirst mecha- 
nism. Is this the usual explanation for the 
hypernatremia which may be seen in diseases 
of the central nervous system? 

Dr. SEYMOUR REICHLIN: I think that is right. 
abnormalities are en- 
stuporous 


Whenever electrolyte 
countered in an unconscious” or 
patient, the tendency has been to attribute the 
change to some direct effect of the brain on 
the metabolism of electrolytes. With very few 
those are questionable, the 
caretulls 


exceptions, and 


patients that have been studied 


indicate that the 
natremia syndromes are due to dehydration 


so-called cerebral hyper- 
developing either because sensations of thirst 
are disturbed by destruction of specific “thirst 
centers” or because the comatose person does not 
consume enough water replace fluid loss. 
Increased sodium retention in this setting 1s best 
explained by secondary changes in aldosterone 
secretion in to contraction of the 
extracellular fluid volume. Although dehydra- 
tion is the most common cause of “cerebral 


respon 


hypernatremia” it is worth mentioning that cen- 
tral regulation of the metabolism of electrolytes 
is well established. In addition to the well known 
functions of the neurohypophysis, there 1s good 
evidence for diencephalic influences on aldos- 
terone secretion through release of a material 
termed by Farrell “‘glomerulotropin.”” Since 
the brain influences so many endocrine func- 
tions. one might wonder whether or not the 
changes in blood caicium in this case were due 
to disturbances of the central nervous system. 
Little is known about this problem; in my own 
experiments massive lesions of the hypothalamus 
in rats fail to influence plasma levels of calcium, 
phosphorus, or alkaline phosphatase. 

Dr. SHERRY: Dr. Kipnis, we were all con- 
cerned with the high carbon dioxide which 
developed late in this patient’s course. Do you 
believe this was on the basis of a respiratory 
acidosis or a metabolic alkalosis? 

Dr. Kipnis: When we reviewed the protocol, 
it was noted that tube feedings were started on 
lyecember 19 at which time the carbon dioxide 
was about 20 mEq. per L. These feedings con- 
tained 50 em. of calcium lactate which was given 
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per day for about ten days and then dropped to 
25 gm. of calcium lactate. By the twelfth day of 
tube feeding, the carbon dioxide was recorded 
as 31 mEq. per L. and then leveled off between 
35 and 38 mEq. per L. I would be inclined to 
think this really represented metabolic 
alkalosis. However, this patient was semi- 
stuperous for the last three weeks of her hospital- 


ization and it is possible that she failed to venti- 


late well. This could have led to respiratory 
acidosis. When the urinary pH’s were checked. 
and | recognized the unreliability of urinary pH. 
they were routinely recorded as very acid. 

Dk. SHERRY: Then you would suggest that the 
patient had a combination of a_ metabolic 
alkalosis and a respiratory acidosis. Would you 
agree with this. Dr. Nelson? 

Dr. J. ROGER NEtson: Yes, I think so. She 
had no evidence of significant underlying 
chronic pulmonary pathologic disorder which 
would account for the high carbon dioxide. 
Emphysema was present which senile 
emphysema: she had a good change in lung 
volume from the inspiratory to the expiratory 
chest film, which is a good rough test of residual 
volume. [This must have been the result of 
acute pulmonary insufficiency plus a metabolic 
alkalosis. 

Dr. SHERRY: It is of interest that, though 
initially her tetany probably was due to hypo- 
calcemia, and in the latter phases of her illness 
a good part of her supposed tetany could have 
been on a basis of an alkalosis rather than 
on a basis of hypocalcemia. } 

Dyk. Kipnis: I would like to ask Dr. Bricker 
a question. The patient was admitted ap- 
parently dehydrated clinically, with a marked 
hypernatremia, and hyperchloremia with a 
potassium of 3.4 mEq. per L. The urine specific 
gravities routinely were around 1.010. I wonder 
if she may not have had chronic potassium 
depletion with some hypokalemic nephropathy. 

Dr. Bricker: | think this is an excellent 
possibility. Did she get potassium supplementa- 
tion with her high doses of calcium lactate? I just 
want to add one last clause and that is that it 
seems reasonable that the patient was potassium 
depleted on admission. Moreover, with all of the 
lactate she received during the last part of her 
hospital course, if supplementary potassium was 
not administered, she should have been pro- 
foundly potassium depleted at death. 

Dr. SHERRY: I[t will be interesting to see 
whether or not autopsy revealed the renal 
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cytologic changes seen in severe potassium deple- 
tion. Dr. Levy, would you interpret the final 
neurological events for us and tell us what you 
think they were due to. 

Dr. Levy: If this final examination of a 
stuporous eighty-two year old woman is to be 
believed, that is the anesthesia and lack of 
withdrawal of the right arm on stimulation, then 
one might suppose that she had some terminal 
infarction. This is not too clear because such an 
examination would be rather difficult. 

Dr. SHERRY: Since her blood pressure fell 
before these neurological findings developed, 
would you attribute this picture to infarction of 
the brain or of the myocardium? 

Dr. Levy: As a matter of fact it could be in 
association with either, because a myocardial 
infarct can precipitate brain changes either of 
infarction or of oxygen insufficiency. 

Dr. SHERRY: And, you doubt the existence of 
any serious underlying disease other than chronic 
cerebral arteriosclerosis perhaps with a terminal 
thrombosis and infarction? 

Dr. Levy: That is correct. 

Dr. SHERRY: We may offer as our final 
clinical diagnosis: severe hypocalcemia and 
tetany probably secondary to some _ gastro- 
intestinal disease such as a malabsorption syn- 
drome, with regional enteritis or a masked pan- 
creatitis as less likely possibilities; chronic 
bronchitis and pulmonary emphysema; possible 
Friedlander’s pneumonia, recovered; generalized 
and cerebral arteriosclerosis with chronic brain 
syndrome; healing acute tubular necrosis per- 
haps with evidences of a superimposed hypo- 
kalemic nephropathy: and a terminal cerebro- 
vascular accident or unsuspected myocardial 
infarction. 


PATHOLOGIC DISCUSSION 


Dr. R. M. O'NEAL: At autopsy the patient. 


appeared moderately obese and had the surgical 
scars of a left simple mastectomy, hysterectomy 
and cholecystectomy. A small decubital ulcer 
was present over the right greater trochanter. 
Only inconsequential amounts of fluid were 
present in the serous cavities. Atherosclerosis was 
moderately advanced in all major arteries, but 
appreciable narrowing was present in none. [The 
brain was rather atrophic, especially the frontal 
lobes, and weighed 1,150 gm. but no localized 
lesions were present. No evidence of an active 
infectious process was found in any organ, and 
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our postmortem culture of blood was sterile. 
The gastrointestinal tract was completely nor- 
mal, except for focal areas of congestion in the 
cecum and the ileum. The heart was large, 
weighing 420 em. [The degree of osteoporosis was 
not great, appearing of the degree usually found 
in an eighty-two vear old woman. The para- 
thyroids were microscopically perfectly normal. 
compatible with the patient's age. 

Surprisingly, residual carcinoma was present 
in this patient with a ten year “‘cure” following 
simple removal of a carcinoma of the breast. 
Metastatic foci in the lungs and mediastinal 
lymph nodes were very widely spaced and small. 
lt is unlikely that this cancer had anything to do 
with her death, although it obviously did con- 


e extent of pulmonar\ 


parenchymal involvement by various processes, 


tribute somewhat to th 


which will be shown later. 

The adrenals were relatively normal, with 
only slight depletion of fat. One healed focal 
area of necrosis was present, but this appears to 
be unrelated to other pathologic processes. 
Numerous fat-filled macrophages replaced the 
cortex in the area of necrosis. 

Multiple small foci of recent fat necrosis were 
found in the head of the pancreas. (Fig. 2.) 
Some were filled with fat-laden macrophages. 
Very little calcium deposition (basophilic gran- 
ular material) was seen, but some foci had hazy 
Dlue borders, and’ this calcium accumulation 
possibly could account for some of the hypo- 
calcemia. We see this degree of focal fat necrosis 
fairly commonly in autopsy and, as far as I am 
aware, it is usually unassociated with significant 
hypocalcemia. To repeat, the pancreatic fat 
necrosis was focal, definitely not extensive and I 
know of no way of estimating how much calcium 
uptake could have occurred in these areas. 


Patchy small areas of fibrosis were found 
throughout both lungs. This was much more 
prominent at autopsy than it was radiologically. 
Microscopically, solid sheets of fibrous tissue 
surrounded air spaces which appeared to be 
atria with prominent epithelium. (Fig. 3.) How- 
ever, this occupied a rather small part of the 
total lung volume and in other areas there was 
relatively normal parenchyma with moderate 
‘senile’ emphysema. The smaller bronchi were 
dilated throughout most of the lungs and there 
was a great deal of mucus production, with 


mucus plugs in many. The bronchiectasis of 


smaller bronchi, patchy fibrosis and_ senile 
eT 


mphysema formed a background of chronic 


pulmonary disease on which the clinical episode 
of pneumonia was superimposed, but the func- 
tional impairment produced by such chronic 
disease 1s notoriously difficult) to evaluate 
pathologically. 

Some evidence of a recently active pneumonic 
process was evident. Fibrous tissue proliferation 
Into remaining air spaces was occurring at 
scattered points, quite consistent with healing, 
organizing klebsiella pneumonia. (Fig. 4. ) 
markedly affected by 


The kidneys were 


arteriolar nephrosclerosis: they were rather 
small, both weighing only 230 @m. They had 
very granular surfaces, but no scarring char- 
acteristic of pvelonephritis. Microscopically. 
hyaline changes were moderately advanced in 
arteriolar walls but the glomeruli showed little 
scarring. The most remarkable change was swell- 
ing of the cytoplasm of the epithelial cells of 
proximal convoluted tubules which = affected 
approximately one-fourth of these tubules to 
some degree. Their cytoplasm was filled with 
large and small vacuoles. [The collecting and 
distal convoluted tubules were not = affected. 
(Fig. 5.) Parrish. Rubenstein and Howe* 
described three patients with pneumonia and a 
history of high intake of alcohol who had uremia: 
a renal biopsy was obtained in one patient during 
the period of azotemia which showed vacuoliza- 
tion of renal tubules. This lesion persisted on 
repeated biopsy specimens, even after functional 
renal impairment disappeared. [The lesion was 
similar to that in the patient discussed today, and 
may, therefore, be of similar origin. However, 
vacuolar tubular change obviously not 
pathognomonic of any single metabolic disturb- 
ance. In our patient, the relationship of the 
vacuolar change to the uremic episode, as 
well as the underlying cause of both, remains 
unclear. 

The final anatomical diagnoses were: wide- 
spread, focal chronic pneumonia with organiza- 
tion and fibrosis in all lobes of the lungs (history 
of Friedlander’s pneumonia for one and a half 
months): emphysema of the lungs, moderately 
advanced: vacuolization of the epithelium of the 
renal proximal convoluted tubules, moderate; 
left mastectomy scar (history of radical mastec- 
tomy for carcinoma of the left breast) with 
metastases in the lungs and tracheobronchial 


and paraesophageal lymph _ nodes; chronic 


* ParrRisH, A. E., RUBENSTEIN, N. H. and Howe, J. S. 
Acute renal insufficiency associated with respiratory 
infections. Am. J. Med., 18: 237, 1955. 
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hic. 2. The edge of a focal area of fat necrosis in the pancreas. Acinar tissue is present at the upper right, the necrotic fat 
at lower left. No visible calcium deposits are present, but a moderate cellular infiltrate borders the necrotic area. 
Hematoxylin and eosin, X 100. 

Fic. 3. A thick, fibrotic area of the lung between two atria, probably the results of obliterative collapse of alveoli. Focal 
areas of such change produced the gross picture of focal fibrosis. Elastic tissue, appearing black, is coarse and fragmented. 
Aldehyde fuchsin-—-van Gieson—hematoxylin, 100. 

Fic. 4. Another focus with pulmonary fibrosis extending between large air spaces. In the center is a lighter area that 
represents actively proliferating fibrous tissue protruding into an air space. Such a focus is characteristic of organization 
of intra-aiveolar exudate, probably following the recent pneumonia. Hematoxylin and eosin, X 100. 

Fic. 5. Renal proximal convoluted tubules in the lower two-thirds of this field are swollen and vacuolated. Approximately 
one-fourth of all the proximal tubules were affected in this manner. ‘The distal tubules are dilated but their epithelium 
is intact. Proximal tubules at upper left appear normal. Hematoxylin and eosin, & 100. 
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pancreatitis, focal, with fibrosis and interstitial 
inflammation; focal pancreatic fat necrosis. 
The accessory diagnoses were: arteriolar 
nephrosclerosis, moderate; hypertrophy of the 
left ventricle of the heart (heart weight 420 em.): 
arteriosclerosis of the abdominal aorta, ad- 
vanced, and of the thoracic aorta, renal, 
coronary, cerebral and splenic arteries, moder- 
ate; sclerosis of the bases of the cusps of the 
aortic and of the anterior leaflet of the mitral 
valves; fibrous pleural adhesions over the poste- 
rior aspects of the upper and lower lobes of the 
left lung and over the apex of the right lung: 
granulomas in the liver, few, small: localized 
scar of the adrenal cortex; suprapubic abdominal 
scar with absence of the body of the uterus. 
oviducts and appendix 
operation for chronic salpingitis and endometri- 


OV a®Prles, 


tis, about twenty vears previously); scar in the 
right upper quadrant of the abdomen with 
absence of the gall bladder (history of cholecystec- 
tomy for chronic cholecystitis, about fifteen vears 
previously): dilatation of the extrahepatic bile 
ducts, including a large remnant of the cystic duct. 


DISCUSSION 


Dr. SHERRY: It appears to me that these 


renal changes are characteristic of the hypo- 


| history of 


kalemic nephropathy described by Relman and 
Schwartz. 

Dr. Reiss: We get little explanation of the 
renal failure from the pathologic disorder. | 
would like to ask Dr. Bricker whether or not a 
hypokalemic nephropathy could account for the 
course of her renal failure as we saw it here. 

Dr. BRICKER: No. But the fact that no defini- 
tive evidence of acute tubular necrosis was found 
at autopsy does not exclude this diagnosis, for 
she died some time after she recovered from 
acute renal failure. Certainly the hypokalemic 
nephropathy, which am firmly convinced 
existed from these slides, could have contributed 
to her inability to conserve water and perhaps to 
her hypernatremia. 

Dr. SHERRY: Although Dr. O’Neal has not 
attached much significance to the pancreatits 
in this case, the pancreas was the seat of multiple, 
although focal, areas of fat necrosis and some of 
these foci contain calcium deposits. Since onset 
of the pancreatic lesions appears to be consistent 
with the of the patient's final admission, 
the occurrence of a pancreatitis in a febrile 
debilitated elderly person, presumably with a 
poor parathyroid response, seems to offer the 
explanation for the hypo- 


most reasonable 


calcemia seen early in her course. 
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Case Report 


Pulmonary Alveolar Proteinosis with 


Unusual Complicating Infections’ 


A Report of Two Cases 


JONES, M.D. 


Aransas City, Kansas 


N 1958 Rosen, Castleman and Liebow |/) 
I reported twenty-seven cases of a new chronic 
lung disease under the designation **pulmonary 
alveolar proteinosis.’ Since then additional cases 
been described |2-7|. The microscopic 
by Rosen. 


have 
features of the disease described 
Castleman and Liebow |/) were specific and 
surprisingly consistent in all cases. The clinical 
features varied: the predominant symptoms in 
their twenty-seven patients were either those of 
chronic respiratory insufhciency or of recurrent 
episodes of acute pneumonitis. Increasing 
pulmonary dysfunction was apparently the cause 
of death in eight cases |/!. Fungal infections 
frequently complicate the disease |/,4!. Radio- 
logically the disease was characterized mainly 
by a feathery perihilar density in a ‘‘butterfly” 
distribution, although paradoxically the symp- 
tomatology and auscultatory findings were 
minimal. With the exception of one patient in 
whom the disease showed definite clinical im- 
provement following the administration of 
prednisone [3], adrenocorticoids or antibiotics 
apparently did not alter the course of the disease 
in most cases | /]. Potassium iodide in large doses 
was followed by clinical improvement in one 
case [7]. 

The etiology of the disease is not known. A 
resemblance to Pneumocystis carinil has been 
noted [7,6] but no organisms were demonstrated. 
Further, pneumocystis occurs chiefly in infants 
[8] while alveolar proteinosis appears to be a 
disease of adults predominantly occurring in men 
|/]. In many of the cases there was occupational 
exposure to respiratory irritants. Geographical 
and racial boundaries of the disease are extended 


by the report of a case occurring in a Chinese 
male living in New Zealand | 7). 

The present report presents clinical and 
pathological findings of two additional cases of 
pulmonary alveolar proteinosis, with further 
characterization of the alveolar lesion. 


CASE REPORTS 


Case 1. In July 1951 the patient a twenty-six vear 
old white woman from eastern Kansas injured her left 
knee. Because of the possibility of tuberculous 
arthritis and a positive reaction to the tuberculin skin 
test with a strong family history of tuberculosis, she 
was admitted to the State Sanitarium for Tuberculo- 
sis. Once in 1949 and twice in 1950 she reported 
having had “pneumonia.” 

On admission she appeared pale and emaciated, 
and complained of fatigue, weakness, anorexia, fever, 
night sweats and weight loss. Except for a hypo- 
chromic anemia, the roentgenographic and _ the 
laboratory investigations, including many for infec- 
tious diseases, revealed no abnormalities. Although 
no acid-fast bacilli were isolated from sputums and 
fluid from the knee, she was given dihydrostrepto- 
mycin, 1 gm. daily, along with supportive therapy. 
She had a low grade fever during the first month of 
her three-month period of hospitalization. After 
discharge, she continued to feel weak and was unable 
to gain weight. In April 1953 another episode of 
pneumonia apparently developed. A few months 
later surgical repair of a draining rectal fistula was 
performed at the University of Kansas Medical Cen- 
ter. A roentgenogram of the chest at that time showed 
bilateral, patchy infiltration in the infraclavicular and 
perihilar lung fields (Fig. 1A), thought to be fibrotic 
in nature. 

In October, 1955 she was readmitted to the State 
Sanitarium because of a cough, blood-streaked 


* From the Department of Pathology and Oncology, University of Kansas Medical Center, Kansas City, Kansas. The 
author is a trainee of the National Cancer Institute. 
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. roentgenogram of the chest taken on 


There is a patchy infiltrative type of 


in the peripheral lung fields in each infraclavicular 
the first and second interspaces bilaterally. The 


iges appear fibrotic in nature. B, roentgenogram of 


chest taken on January 2, 1956. A diffuse fine reticular 
of lesion is distributed throughout the lungs on both 
with a diffuse pneumonitis in the upper half of the 
lope. C, 


1958. A diffuse hard fibrosis extending from 


roentgenogram of the chest taken 


the apex to the diaphragm on both sides is suggested. In 
the basal regions this appears to have a somewhat 


dular character. 


Alveolar Proteinosis 


Jones 


sputum, chest pain and weight loss. Roentgenograms 
of the chest showed a fine reticular pattern in the 
lungs. (Fig. 1B.) While the results of the histoplasmin 
skin test was now positive, the complement fixation 
test for histoplasmosis was negative. Attempts to 
isolate acid-fast bacilli and fungi were unsuccessful, 
and only Staphylococcus albus and non-hemolytic 
streptococcus were cultured from bronchial aspirates. 
The patient was started on a regimen of dihydro- 
streptomycin and isonicotinic acid hydrazide; later 
penicillin and tetracycline were added. Blood trans- 
fusions were given for anemia. She left the hospital 
on March 19, 1956, against advice. On April 17, 1957, 
she required rehospitalization for seven days after the 
gradual return of symptoms. At this time the hemo- 
globin was 6.8 gm. per 100 ml. The white blood cell 
count was not elevated, but the differential showed a 
shift to the left and a moderate Ivmphocytosis. She 
was given sulfisoxazole and streptomycin, after which 
the temperature fell to normal from a high of 104°Fr. 
Again no acid-fast organisms were isolated from the 
sputum or gastric washings. Some months later 
(December 1957) she again contracted *“‘pneumontia. ” 

She was hospitalized on April 28, 1958, for sudden. 
severe abdominal pain, and a “hemorrhagic ovarian 
cyst’ was found at laparotomy. She was anemic, the 
white blood cell count was 1,800 per cu. mm. with 
72 per cent lymphocytes. Bone marrow studies were 
suggestive of leukemia or of metastatic malignancy. 

She was last admitted to the University of Kansas 
Medical Center on June 11, 1958, with complaints of 
constant, severe, throbbing headaches, loss of appetite 
with nausea, exertional dyspnea and pedal edema. 
The blood pressure was 90 55 mm. Hg; pulse 100 per 
minute; respiratory rate 24 per minute. The follow- 
ing features were noted: emaciation; marked pallor 
of the skin, and clubbing of the fingers; right sided 
scotoma, and ptosis of the left eyelid; venous conges- 
tion of the retinas with numerous flame-shaped 
hemorrhages and exudates; focal ulcerations of 
the buccal mucosa; scant rales over both lung fields; 
and a grade 2, apical systolic murmur with a slightly 
accentuated pulmonary second sound. 

Laboratory data were as follows: hemoglobin 5.6 
gm. per 100 ml.; hematocrit 16.5 volume per cent; 
white cell count 2,000 per cu. mm. with nineteen 
neutrophils of which twelve were non-filamented, 
fifty-five lymphocytes, one metamyelocyte, one 
myelocyte, one plasma cell, twenty-two bizarre blast 
cells, one nucleated red cell and a rare megakaryocyte 
per 100 white cells; platelet count 334,000 per cu. mm. 
with many giant forms present; sedimentation rate 
40 mm. in one hour; reticulocyte count 0.7 per cent; 
total blood protein 7.3 gm. per 100 ml. with 3 gm. of 
albumin and 4.3 gm. of globulin; fasting blood sugar 
106 mg. per 100 ml. The spinal fluid contained 2 red 
cells per cu. mm., with 77 mg. of glucose and 24 mg. 
of protein per 100 ml., and gave a negative reaction to 
the Wassermann test. Cultures of the spinal fluid were 
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Fic. 2. Case 1. Bone marrow smear taken on June 17 
1958. There are immature mononuclear cells at the blast 
stage, immature myelocytes and immature megakaryo- 
cytes. Wright's stain, magnification 550. 


negative for Mycobacterium tuberculosis. Candida 
albicans, Aerobacter aerogenes, Streptococcus virid- 
ans and neisseria species were cultured from. the 
sputum which also showed many mycelia of candida 
species On smears. 

Roentgenograms of the chest suggested a diffuse 
fibrosis of both lung fields extending from the apex to 
the diaphragm, and of nodular character at the bases. 
(Fig. 1C.) There was no hilar adenopathy. Repeat 
roentgenographic examinations were unchanged. 

The clinical impression was acute leukemia. Bone 
marrow aspirates were difficult to interpret. (Fig. 2.) 
Immature mononuclear cells at the blast stage ap- 
peared in clusters and sheets with normal elements of 
the erythroid and myeloid series scattered throughout. 
Many immature megakaryocytes and abnormal 
platelets, many of the giant variety were present. 
Transitional forms between the blast cells and the 
immature megakaryocytes were identified. The 
patient was started on a regimen of 150 mg. of 
6-mercaptopurine, 40 mg. of prednisone and 300 mg. 
of isonicotinic acid hydrazide orally daily. The 
temperature and pulse rate, which were previously 
elevated during the first week of admission, promptly 
fell to near normal values. However, seven days later 
the fever recurred, and she became dyspneic. Penicil- 
lin and Chloromycetin” were given. The administra- 
tion of 6-mercaptopurine was discontinued because of 
a falling white blood count. On July 4 she became 
jaundiced and her liver was enlarged and _ tender. 
The serum total bilirubin was 8.1 mg. per 100 ml., 
with 4.7 mg. of direct acting bilirubin. The white 
blood cell count had fallen to 310 per cu. mm. She 
died three days after the appearance of jaundice. 
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Fic. 3. Case 1. Cross section of fixed lungs. There are 
large air cysts and fibrosis in the upper lobes and multi- 
ple pale patchy infiltrates of proteinosis 


Fic. 4. Case 1. Alveolar proteinosis of the lower lobe of 
the right lung. 
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Fic. 5. Case 1. Alveolar proteinosis. Periodic acid-Schiff stain, magnification & 240. 


Fic. 6. Case 1. Oil Red-O stain of frozen section of proteinaceous material. There is intracellular lipid in the alveolar 
walls and extracellular droplets of fat in the proteinaceous material. The proteinaceous material stains diffusely and 


} 


moderately. Magnification X 175. 


Fic. 7. Case 1. Alveolar proteinosis showing swollen and sloughing alveolar lining cells, nuclear debris and an acicular 
space where a crystal has been. Hematoxylin and eosin, magnification & 300. 

Fic. 8. Case 1. Fibrosis, lymphocytic infiltrations and giant cells in alveolar walls surrounding crystal aggregates in the 
lower lobe of the lung. Note the small deposits of proteinaceous material and the presence of acicular spaces in the larger 
deposit. Fibroblasts and giant cells appear to grow along the margins of the acicular spaces at the upper center in the 
picture. An alveolus almost completely organized by fibrous tissue is present at the right margin of the photograph. 
Hematoxylin and eosin, magnification X 240. 
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hic. 9. Hyphae of mucormycosis filling a pulmonary artery. Periodic acid-Schiff stain, magnification 


hic. 10. Mucormycosis of a fibrinous exudate overlying a liver infarct. In deeper areas (not shown 
similar hyphae occlude hepatic vessels. Periodic acid-Schiff stain, magnification X& 300. 


Autopsy (KUMC No. 2493) was performed four- 
teen hours after death. Significant pathological 
changes were found in the lungs. liver, brain, gastro- 
intestinal tract and bone marrow. 

The lungs together weighed 2.600 em. Diffuse 
pleural adhesions were present. A large thrombus 
occluded the left pulmonary artery and its branches, 
and the lower lobe and the inferior portion of the up- 
per lobe of the left lung were infarcted. The lungs were 
emphysematous, most markedly in both apices where 
large air-filled cysts imparted a honeycomb appear- 
ance. (Fig. 3.) The most striking features were firm, 
smooth, irregular, patchy yellowish infiltrates filling 
scattered groups of alveoli. These infiltrates were 


confluent in the extensively involved lower lobes of 


the lung. (Fig. 4.) The intervening parenchyma was 
essentially normal in appearance. Tissue blocks sank 
in water. The hilar and tracheobronchial lymph 
nodes were moderately enlarged and soft. Maicro- 
scopically, there were large groups of alveoli filled with 
a diffusely. granular, flocculent, lightly eosinophilic, 
acellular material that was frequently confluent with 
adjacent deposits through natural channels. (Fig. 5.) 
This alveolar material had the following staining 
characteristics: (1) a positive reaction with the 
periodic acid-Schiff (P.A.S.) stain was obtained before 
and after diastase treatment of sections; (2) it stained 
lightly but diffusely with the oil red-O fat stain 
(Fig. 6); (3) a strongly positive reaction for cholesterol 
with the Schultz method was demonstrated; (4) meta- 
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chromasia was found with aqueous toluidine blue 
although this was lost after alcoholic 
dehydration and; (5) luxol blue staining was strongly 
positive. Stains for amyloid, fibrin, iron, calcium and 


staining, 


elastin were negative. as were the Ziehl-Nielson, 
Fite’s and Brown-Brenn methods for microorganisms. 
There was no evidence of a Pneumocystis carinii 
infecuon. Acicular crystals were frequently seen in the 
alveolar material. [hese crystals were refractile when 
frozen sections In aqueous media were viewed under 
polarized light. The crystals were removed by de- 
hydration through alcohols. (Figs. 7 and 8.) Desqua- 
mation and degeneration of swollen septal lining cells 
into the granular, floccular material was occasionally 
found. (Fig. 7.) These cells stained less intensely with 
P.A.S. stain than the alveolar material, although they 
were more sudanophilic. The alveolar walls between 
deposits of the material were usually normal in size 
and appearance but in many places, particularly 
the lower lobes of the lungs, septal and alveolar walls 
were thickened by fibrosis and contained scattered 
lymphocytes and swollen macrophages. (Fig. 8.) 
In addition, in the right lower lobe of the lung, alveo- 
lar walls surrounding the proteinaceous deposits 
that showed many crystals contained multinucleated 
foreign body-type giant cells and lymphocytes. Some 
alveoli in this situation showed fibrous obliteration. 
Sections from all lobes of the lung showed the 
presence of a non-septate fungus. The pulmonary 
artery and vein of the infarcted lower left lobe of the 
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Fic. 11. Case u. A, roentgenos 


ease in radial markings throughout both lungs. 
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ram of the chest taken ) 


Jones 


» August 23. 1954. showing a diffuse interstitial intiltration 


The intiltration follows the course of the bronchi into the uppel 


lobes. Patchy pneumonic consolidations are present in the bases 


i 


dense masses of broad hyphae 

hich penetrated the vessel walls (Fig. 9). bronchiolar 

walls and alveolar septa. [he fungus was morphologi- 

cally a Phycomycete and its presence in the tissue 

ts mucormycosis |9}. 


The liver weighed 1.800 om. 


A circular. 


bulging. brick-red inlarct measuring cm. in diam- 


shehtls 
was found on the anterior surface. [here was 
rombotic occlusion of large portal vessels within the 
lesion by masses of hyphae similar to those found in 
‘lune. The fungus extended through the vessels into 
he adjacent parenchyma and was also present on the 
eritoneal surface over the infarct. (Fig. 10.) The 
rain weighed 1.500 om. [There was a well defined 
nfarct of the cortex of the posterior portion of the 
parietal lobes bordering both, sides of the sagittal 
fissure. lhe 


yluegeed with masses of similar appearing hyphae 
I 


cortical vessels in these areas were 
which were confined within the vessels. The right eye 
showed only autolytic changes. 

The hypopharynx and esophagus were studded with 
irregular. elevated, grayish white, friable plaques that 
measured up to 1 cm. in diameter. There were also 
multiple small nodules 1 mm. in diameter scattered 

he mucosa of the small bowel. Microscopically 
ues and nodules were composed of clusters 
fungi exhibiting the morphological characteristics 

of C. albicans. 

[he marrow spaces of the ribs, sternum, vertebral 
bodies and femur contained very small amounts of a 


eranular appearing fatty marrow. It was hypoplastic 


and the cellular pattern was similar to that described 


clinically. The ‘spleen (weight 120 gm.) showed 


chronic passive congestion and = sections. revealed 
slight depletion of lymphoid tssue, as did the lymph 
nodes. In both there were increased numbers of large 
macrophages and erythrophagocytosis. There was no 
evidence of leukemia. A Perl reaction for iron. was 
markedly positive in the spleen and bone marrow, 
weakly positive in the liver, and negative in the 
pancreas. No acid-fast bacilli were cultured from 
many organs and only candida species was isolated 
from the lungs. 

Case mu. <A forty-six vear old white male aircraft 
company employee from Wichita, Kansas. was well 
until the summer of 1954 when he noticed easy 
fatigue and somnolence. On August 14, 1954 a severe 
headache suddenly developed followed a few days 
later by a non-productive cough, mild dyspnea, 
chills, fever, nausea and vomiting. There was no his- 
tory of exposure to, or family history of, tuberculosis 
or fungus diseases. On admission to the hospital 
there was moderate cyanosis of the lips, a grayish tint 
to the skin, and a slight clubbing of the phalanges. 
jilateral diffuse harsh breath sounds were heard over 
the lung fields. The remainder of the physical exam- 
ination was non-contributory. [The roentgenograms of 
the skull were not unusual. A roentgenogram of the 
chest (Fig. 11A) showed diffuse interstitial infiltration 
throughout both pulmonary fields. There was a 
hemoglobin value of 18.8 gm. per cent and an in- 
creased protein level in the cerebrospinal fluid; 
otherwise laboratory findings revealed no abnormali- 
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ties. Nine days later he was febrile, nuchal rigidity 
developed and he became comatose. Examination of 
spinal fluid at this time showed 2,000 white cells 
per cu. mm., mostly neutrophils, and increased pro- 
tein with a normal sugar value; no acid-fast bacilli 
or fungi were found on smear or cultures. Cortisone 
was given, 300 mg. daily in decreasing doses, later 
replaced by the administration of adrenocorticotropin 
(ACTH). He slowly regained consciousness and 
became afebrile although stiffness of the neck per- 
sisted. Acid-fast bacilli were found on three consecu- 
tive daily sputum smears, but cultures were negative. 
He was given 12 gm. of para-aminosalicylic acid and 
300 mg. of isonicotinic acid hydrazide daily, and 
2 gm. of dihydrostreptomycin every third day. One 
month later he became febrile, he had a non-produc- 
tive cough and a pleuritic type of pain on the right 
side of the chest where rales were heard. Roentgeno- 
grams of the chest were unchanged but the spinal 
fluid white cell count was still elevated with a pre- 
dominance of neutrophils. 

Shordy after, on admission to the University of 
Kansas Medical Center on October 27, 1954, there 
was found, in addition, slight rigidity of all muscle 
groups, with generalized weakness. During the entire 
hospital stay (40 days) leukocytosis was present, also 
pyuria with slight albuminuria. Results of the tuber- 
culin, histoplasmin, blastomycin coccidioidin 
skin tests were negative as were complement fixation 
tests for histoplasmosis and for seven neurotropic 
viruses. * 

Cultures of blood and urine specimens taken during 
a febrile period yielded proteus species; 1 gm. of 
chloromycetin was given every four hours. Roentgeno- 
grams of the chest showed increased radial markings in 
both lungs with a patchy pneumonic consolidation 
at the bases. (Fig. 11B.) Fine densities appeared to 
follow the course of the bronchi in both upper lobes 
of the lungs. Fever and nuchal rigidity persisted, and 
on November 22, 1954 examination of the spinal 
Huid revealed a pressure of 420 mm.; 573 cells per 
cu. mm. with 90 per cent neutrophils; 39 mg. per 
cent glucose and 170 mg. per cent protein. Smears 
and cultures of the spinal fluid, urine, sputum, gastric 
washings, including guinea pig inoculations, were 
negative for acid-fast bacilli as well as for fungi and 
bacteria. Spinal fluid cytology for malignancy was 
negative. [The patient's condition deteriorated and he 
died on December 2, 1954. | 

Autopsy (KUMC No. 914) was performed six 
hours after death. The findings of chief interest were 
in the lungs and brain. | 

The lungs together weighed 1,900 gm. and the 
pleural surfaces were a normal light gray color. 
There was increased crepitation in the apices of both 


* Prepared by the Department of Health, Education 
and Welfare, U. S. Public Health Service. Communica- 
ble Disease Center, Laboratory Branch, Virus Rickettsia 
Section, Montgomery, Alabama. 
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Fic. 12. Case m. Alveolar proteinosis. There is emphysema 
of the empty alveoli near the pleural surface. Periodic 
acid-Schiff stain, magnification 1/7. 


lungs and in the middle lobe of the right lung because 
of multiple scattered emphysematous bullae. On cut 
surfaces there were multiple, irregular,}jhomogenous, 
vellow, firm consolidations, chiefly peribronchial in 
distribution, scattered in all lobes. There was slight 
scarring at the apices of the lungs. No acid-fast 
bacilli or fungi were found in a small calcified focus 
present in a left hilar lymph node. Microscopically, 
scattered peribronchial alveoli in all lobes were filled 
with a finely granular and amorphous lightly eosino- 
philic material, some containing small acicular clefts 
and large foamy macrophages. (Fig. 12.) Fat stains 
showed an abundance of sudanophilic material 
within these macrophages and within the alveolar 
material. The alveolar walls were thin and contained 
a few lymphocytes. Brown-Brenn stains showed both 
gram-positive and gram-negative cocci within macro- 
phages and free in alveoli. No inclusion bodies or 
organisms of Pneumocystic carinii were present. 
Similar results with histochemical methods used in the 
first patient (Case 1) were obtained. 

The brain weighed 1,200 gm. and showed a resolv- 
ing meningitis involving principally the undersurface 
of the cerebellum and brain stem, and, to a lesser 
extent, the spinal cord. An abscess with a granulom- 
atous component was found within the center of the 
left lobe of the cerebellum, with extension to cortex 
and the fourth ventricle. Cultures were not taken 
and smears failed to show acid-fast bacilli. A few long 
delicate gram-negative rods which contained a few 
gram-positive dots were found in tissue sections. 

The kidneys together weighed 290 gm. A large 


TIO 


calculus obstructed the left ureter and the left kidney 
showed moderate hydronephrosis, extensive acute and 
chronic pyelonephritis and calcinosis. No microorgan- 
isms were identified in tissue sections. [The remaining 
findings at autopsy revealed no abnormalities. 


COMMENTS 


Both patients presented typical pulmonary 
lesions of alveolar proteinosis. The first patient 
possibly had the disease over a seven-year period. 
The other patient had symptoms for only a few 
months. Both patients had dyspnea, slight 
cyanosis, Clubbing of the phalanges, and pleu- 
ritic chest pains, both progressed to marked de- 
bilitation and died with superimposed infections. 

The relationship, if any, of fungal, tuberculous 
and bacterial infections to alveolar proteinosis 
is not clear. Disseminated mucormycosis was 
present in Case 1 (Figs. 9 and 10) and infarcts 
caused by this fungus in the lungs, liver and 
brain were probably the direct cause of death. 
Mucormycosis has most often been found occur- 
ring terminally in debilitating diseases |9,/0). 
Besides the terminal severe debility, protracted 
administration of corticosteroids, antimetabolites 
and antibiotics has been suggested as predispos- 
ing to the frequent fungal infections in cases of 
alveolar proteinosis | / 

in both patients reported on herein there was 
a Strong suspicion of tuberculosis. but this was 
not established clinically and no evidence was 
found at autopsy. At least one case of alveolar 
proteinosis had been preceded by _ proven 
tuberculosis [6]. In Case u the presence of severe 
inammatory renal disease may indicate the 
source of the proteus bacteremia, which in 
turn may have either caused or complicated the 
central nervous system lesions. The gram-nega- 
tive rods that were present in the cerebellar 
abscess could represent proteus organisms, how- 
ever, no cultures were taken at autopsy. It 
seemed apparent, clinically at least, that the 
pulmonary disease preceded the bacterial 
infections. 

The hematologic status of one patient (Case 1) 
was difficult to establish. The persistent anemia 
and leukopenia during her prolonged respiratory 
illness and the findings at autopsy of hemosidero- 
sis and erythrophagocytosis may have been a 


reflection of an acquired hemolytic anemia of 
unknown cause. The clinical findings during 


ner last two months of life were not inconsistent 


vith a diagnosis of leukemia, but this could not 
be established at autopsy. The clinical (Fig. 2) 
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and postmortem bone marrow findings might in 
part reflect bone marrow exhaustion, or a 
response to the chronic pulmonary infection, or 
both. This case is somewhat similar to that of a 
young woman confirmed as having alveolar 
proteinosis with marked thrombocythemia 3,6}. 
In both cases an abnormal megakaryocytic and 
platelet response occurred terminally. Those 
investigators speculated that the destruction of 
very large numbers of platelets in the lung led to 
deposition of the “intra-alveolar coagulum”’ 
Except for mild polycythemia in a few instances 
none of the other cases of alveolar proteinosis so 
far reported showed hematologic abnormalities. 

The studies of Rosen, Castleman and Liebow 

/| indicated that the proteinaceous material in 
the alveoli was predominantly a mucoprotein 
and not a lipoprotein. However, the protein- 
aceous material in our patients did containa very 
large amount of lipid as indicated by fat stains. 
(Fig. 6.) In two of the patients reported on by | 
Rosen et al. |/| the percentage of lipid based on 
the dry weight of the lung ranged from 16.1 to 
21.9, significantly higher than the expected 
value of 3.4 per cent. A further characteristic 
of the material, not previously reported, is its 
affinity for luxol blue, suggesting the presence 
of phospholipid | //7). Part of the lipid component 
may be cholesterol, as indicated by its positive 
reaction to the Schultz method. 

The earliest deposits of alveolar proteinosis 
contain large numbers of sloughed “septal” 
cells in varying stages of degeneration, conse- 
quently the alveolar deposit is not homogeneous 
and does not stain uniformly. [The cytoplasm of 
some of these cells is P.A.S.-positive, but not 
strongly so. The walls of the alveoli surrounding 
recent deposits show increased cellularity and 
may contain fat-laden macrophages, multinu- 
clear giant cells and lymphocytes, as well as 
swollen alveolar lining cells. (Fig. 7.) Older 
proteinaceous deposits have a granular uniform 
pattern and stain uniformly with the P.A.S. 
stain. The material fills and distends alveolar 
spaces and is confluent with adjacent deposits 
by natural channels through alveolar walls. 
The alveolar walls may be thin (Figs. 5 and 12), 
and show no evidence of inflammation, fibrosis 
or rupture. 

Free fat and cholesterol could not be demon- 
strated histochemically in the doubly refractile 
crystals present in the acicular spaces. Since 
multiple minute refractile bodies also were pres- 
ent in the proteinaceous alveolar material. it 1s 
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possible that these aggregated to form the larger 
acicular crystals. It appears that there is an 
increase in the size and number of these crystals 
in long-standing cases. They were few in number 
in Case 1 in which the disease was symptomatic 
for approximately five months. In Case 1 the 
clinical features extended over a seven-year 
period, and in sections from the lung bases many 
of the proteinaceous deposits were replaced by 
these crystals. (Fig. 8.) The crystals appear to 
excite a granulomatous reaction in the alveolar 
walls. Organization of the acicular deposits ap- 
pears to occur by growth of fibroblasts along the 
margins of the crystals. As the acicular crystals 
resolve, there may be fibrous obliteration of the 
alveoli. In no instances did fibroblasts invade 
the proteinaceous material. 

The characteristic roentgenographic findings 
of alveolar proteinosis |/) were present in Case I. 
(Figs. 11A and B.) While in some cases reported 
by Rosen, Castleman and Liebow [/] the roent- 
genogram of the chest suggested pulmonary 
fibrosis, this was not confirmed histologically. In 
Case 1 of this report the earliest lesion appeared 
to be a diffuse fine reticular type of ‘fibrotic’ 
process (Fig. 1A), and at the height of the dis- 
ease, five years after onset, it appeared to be a 
trabecular type of “‘fibrotic process.” (Fig. 1C.) 
The presence of fibrosis was confirmed at 
autopsy in this case. Whether the fibrosis was a 
result of concomitant bacterial infection with 
necrosis and scarring, or whether it was a part 
of the evolution of lesions of alveolar proteinosis 
is not determined. I[t is likely that both the pres- 
ence of infection and the acicular crystals 
excited fibroblastic proliferations. 

There is need for further etiologic and epi- 
demiologic study of alveolar proteinosis, and 
for investigation of the possible role which 
infection may play as a predisposing or com- 
plicating factor in this disease. 


SUMMARY 


1. Two cases of alveolar proteinosis are 
presented, with morphologic findings. These 
showed, in addition to the typical lesions of 
alveolar proteinosis, unusual complicating infec- 
tions that were the cause of death. The relation- 
ship of frequent infections and the possible role 
of hematologic disorders associated with the 
disease is not clear. 

2. The presence of phospholipid as an addi- 
tional constituent of the proteinaceous material 
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may be indicated by the affinity for luxol blue 
stain. 

3. [The proteinaceous material, when present 
for a number of years, may form large acicular 
crystals of undetermined nature which appear to 
excite granulomatous reactions in the surround- 
ing alveolar walls. There is fibroblastic growth 
along crystal margins and eventual fibrous 
organization of the involved alveoli. 

4. Roentgenographic changes suggesting pul- 
monary fibrosis were confirmed by histological 
examination. It is suggested that fibrosis may be 
part of the evolution of the lesions of alveolar 
proteinosis, apart from the fibrosis caused by 
intercurrent infection. 


Acknowledgment: | am indebted to Drs. Sloan 
Wilson and William Larson of the Hematology 
Service and Dr. Martin Fitzpatrick of the 
Chest Service, Department of Internal Medicine, 
University of Kansas Medical Center, for per- 
mission to publish these cases. 


ADDENDUM 


Since the preparation of this article additional 
case reports of pulmonary alveolar proteinosis 
were found. These are included for completeness 
[72-27]. 
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Librium therapy saw a long succession of 


drugs—sixty-six by the latest count. And yet today, Librium has at 


aineda clinical 
stature which may well rank it as the successor to this entire group. The reasons? The 
physician can manage more patients and control a wider area of anxiety-linked 
symptoms with Librium than with any tranquilizer or group of tranquilizers. 


Librium is the biggest step yet toward “pure” anxiety relief as distinct from 


central sedative or hypnotic action. ggpmwmg 
Consult literature and dosage information, 


the successor to the tranquilizers 


SOR BION 


LIBRIUM® Hydrochloride—7-chloro-2-methylamino- 
5-phenyl-3H-1,4-benzodiazepine 4-oxide hydrochloride 
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| 


Division of Hoffmann-La Roche Inc. 
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back fast with 


she's flying high now... her temperature and discomfort 
brought under control quickly with Tylenol” 


LYLENOL | an effective pediatric antipyretic and analgesic’ 


remarkably free from toxicity” 
well accepted, well tolerated by children’ 


ater ELILAIR—t126 mg. (2 gr.) per 5 cc.; 4 and 12 fl. oz. bottles. 
TYLENOL DR¢ )PS—60 Hig. (] or. ) per U.6 ce... £5 cc. bottles with calibrated droppers. 


| Me NEIL | McNEIL LABORATORIES, INC., PHILADELPHIA 32, PA. 


1. Cornely, 0. A., and Ritter, J. A.: N-acetyl-p-aminophenol (Tylenol Elixir) as a Pediatric Antipyretic-Anaigesic, 
J.A.M.A. 160-1219 (Apr. 7) 1956 


2. Mintz, A. A.: Management of the Febrile Chiid, J. Ky. Acad. Gen. Pract. 5:26 (Jan.) 1959. 
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[Prednisolone terticry-butylacetote, Merck) 
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Rheu natoid noduies 


Fibrositis 


Tensor fascia 


Syndrome 


Collateral | 


igameni 


Ins 


tra 


S 
ICU 


lites 


Rad 


Osteochondr'tis 


the usual intra-artrcular, 


Dosage 


oft tissue dose 


Ss 
ranges from 20 to 30 mg. depend- 
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MERCK SHARP & DOHME 


DIVISION OF MERCK 4&CO.,INC. 


'3 14 1s DAYS 


12 


PHILADELPHIA 1, PA. 
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a pair of gynecologic patients: 


both are free of pain— but only one Is on 


DILAUDID. 


swift, sure analgesia normally unmarred by nausea and vomiting 


DILAUDID provides unexcelled analgesia before and after gynecologic, obstetric 
and surgical procedures. Its high therapeutic ratio is commonly reflected by lack of 


nausea and vomiting — and marked freedom from dizziness, somnolence, anorexia 
and constipation. 


mouth needle & by rectum 
2mg.,3mg., and 4 mg. 


May be habit forming—usual precautions should be observed as with other opiate analgesics. 


Ke) KNOLL PHARMACEUTICAL COMPANY © oranxce, NEw JERSEY 
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THE UPJOHN COMPANY 
KALAMAZOO, MICHIGAN 


*Trademark, Reg. U.S. Pat. Off. 
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HE doctor’s room in the hospital is used for a 
variety of reasons. Most any morning, you will 
find the internist talking with the surgeon, the resi- 
dent discussing a case with the gynecologist, or the 
pediatrician in for a cigarette. It’s sort of a club, this 
room, and it’s a good place to get the low-down on 
“Premarin” therapy. 
If you listen, you'll learn not only that doctors like 
“Premarin,” but why they like it. 
The reasons are simple. Doctors like “Premarin,” 
in the first place, because it really relieves the 


Doctors, too, like “Premarin 


93 
® 


symptoms of the menopause. It doesn’t just mask 
them — it replaces what the patient lacks — natural 
estrogen. Furthermore, if the patient is suffering 
from headache, insomnia, and arthritic-like symp- 
toms due to estrogen deficiency, “Premarin” takes 
care of that, too. 

‘Premarin,’ conjugated estrogens (equine), is avail- 
able as tablets and liquid, and also in combination 
with meprobamate or methyltestosterone. 

Ayerst Laboratories * New York 16,N. Y. 
Montreal, Canada 


584? 


% 
; 3 
3 
OF 
4 


ABBOTT 


Picture of a Young Lady About to Try Her Next Dandruff Cure 


Neat time 
she’s in your office, 


SHLSUN 


why not pass alone 
Suspension J 
a friendly reminder... 
an ethical answer 
and a prescription 


to a medical problem 


SELSUN—SELENIUM SULFIDE, ABBOTT 


© 1960; ABBOTT LABORATORIES 009021 
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filma | 
Anemia of Puberty... another indication for [berol, 
potent antianemia therapy plus the essential B-complex 


2 IBEROL FILMTABS A DAY SUPPLY: 
The Right Amount of Iron 
Ferrous Sulfate, U.S.P...........1.05 Gm. 


(Elemental !ron—210 mg.) 
Pius the Essential B Complex 
Vitamin Bie with Intrinsic 
Factor Concentrate..1 U.S.P. Unit (Oral) 


Liver Fraction 2, PCF... ........... me. 
Thiamine Mononitrate..............6mg. 
Pyridoxine Hydrochloride...........3 mg. 
Calcium Pantothenate..............6mg. 


Pius Vitamin C 

Ageorbic 
TABLETS, U.S PAT. 
LABORATORIES, NORTH CHICAGO, FLL. 
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brand of rescinnamine 


a refinement in 


alkaloid therapy 


Science 
for the world’s 
well-being™ 


PFIZER LABORATORIES 
Division, Chas. Pfizer ¢7 Co., Inc. 
Brooklyn 6, New York 


IN BRIEF 


MODERIL is rescinnamine, a purified rauwolfia alka- 
loid providing the benefits of reserpine with reduced 
frequency and/or severity of certain reserpine side 
effects. Rauwolfia has been referred to as the first 
agent to be tried and the last omitted in antihyper- 
tensive therapy. When MODERIL is given with other 
antihypertensive agents, the latter may often be ad- 
ministered in lower dosage with fewer undesired 
reactions. 

INDICATIONS: Primary therapy in mild to moderate 
labile hypertension. In more severe cases, as adjunc- 
tive therapy with other agents. 


ADMINISTRATION AND DOSAGE: Adjust dosage to mini- 
mum level for optimal therapeutic effect. Recom- 
mended initial dose—one 0.5 mg. tablet twice a day 
for two weeks. Significant side effects are unusual with 
MODERIL. but should they occur. reduce dosage to 
one 0.25 mg. tablet twice daily. When optimal hypo- 
tensive effects are obtained during initial period, this 
same reduced dosage or less may be used. If greater 
hypotensive effects than those observed during this 
period are required, cautiously increase dose by 0.25 
mg. per day (up to 2.0 mg. per day) and consider 
combined therapy. Doses should be taken after meals 
to minimize possible adverse effects of increased gas- 
tric secretion. 

Initial dosage for children 3-12 years of age is up to 
0.25 mg. twice daily for one week. Children should 
be observed closely and when therapeutic effect is 
achieved, this dose should be reduced by half, 1e., 
0.25 mg. daily. 

SIDE EFFECTS: Same type as with reserpine but usu- 
ally with reduced incidence or severity, e.g., mental 
depression, bradycardia, nightmares, and fatigue. 
Nasal stuffiness or congestion may occur but usually 
disappears with discontinuation of the drug or on use 
of topical vasoconstrictors or antihistamines. Increased 
frequency of defecation and/or looseness of stools is 
an occasional reaction. There have been occasional re- 
ports of serious hypotension in persons on Rauwolfia 
compounds who undergo surgery with general or 
spinal anesthesia. It 1s suggested that MODERIL be dis- 
continued two weeks before surgery, when feasible, or 
other appropriate measures be taken. 


PRECAUTIONS: Because rauwolfia preparations may in- 
crease gastric secretion, MODERIL should be used with 
caution in patients with a history of peptic ulcer. 


SUPPLIED: Yellow, scored, oval tablets of 0.25 mg., 
bottles of 100 and 500; salmon, scored, oval tablets of 
0.5 mg., bottles of 100. 


More detailed professional information available on 
request. 
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TO REDUCE INTESTINAL 


BELCHING BLOATING FLATULENCE 


Each Kanulase tablet contains Dorase* 


A biochemical compound 
used to diminish intestinal | 320 units,combined with pepsin, N.F., 
| 150 mg.; glutamic acid HCI, 200 mg.; 
ana those patients having 100 mg. Dosage: 1 or 2 tablets at meal- 
time. Supplied: Bottles of 50 tablets. 


digestive disorders 
SMITH-DORSEY « a division of The Wander Company « Lincoln, Nebraska 
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specific 


for 


LeENSION 


rapid action « non-narcotic + economical 


“We have found caffeine, used in combination with acetylsalicylic acid, 
acetophenetidin, and isobutylallylbarbituric acid, [ Fiorinal] to be one of the most 


effective medicaments for the symptomatic treatment of headache due to tension.” 
Friedman, A. P., and Merritt, H. H.: J.A.M.A. 163:1111 (Mar. 30) 1957. 


Fiorinal Tablets — Each tablet contains: Sandoptal (Allylbarbituric Acid N.F. X) 50 mg. (% gr.), — a 
caffeine 40 mg. (% gr.), acetylsalicylic acid 200 mg. (3 gr.), acetophenetidin 130 mg. (2 gr.). ities 
Dosage: 1 or 2 tablets every 4 hours, according to need, up to 6 per day, 
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| greater loss of sodium 
lesser loss of potassium 


A new antuhypertensive-saluretc, 
Hygroton, now enables still more effective 


longest if action 4 i control of hypertension and edema. 
omoothest in effect | more evenly sustained therapeutic response 


Because it is more prolonged 1n action 
than any other diuretic,’ Hygroton attords 
a smoother, more evenly sustained 
response. 


more nearly pure natriuretic effect 
Hygroton produces only minimal | 
potassium loss... affords a better sodium- 
potassium ratio than other saluretics.° 


hypertension 
and edema 


more liberal diet for the patient 
As a rule, with Hygroton, restricuon of 
dietary salt is unnecessary. 


more convenience and economy 
For maintenance therapy three doses per 

week suffice to manage the vast majority 

of cases.’ 


in arterial hypertension 
Sustained control without side reactions. 


in edematous states 

Copious diuresis without electrolyte 
imbalance. 

Hygroton K brand of chlorthalidone W hite, 
single-scored tablets of 100 me. in bottles of 100. 
Re fe rences. 

(1) Stenger, E. G., et al f 
&9:1126, 1959. C2) Fuchs, M., Res: et al.: Current 
Therap. Research 2:11, January, 1960. (3 

Ford, R. V.: Manuscript submitted for publication. 


Geiny Geigy, Ardsley, New York HY 234-60 
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Percodan 


Salts of Dihydrohydroxycode:nane and Homatropine, plus APC 


IN ORAL CONTROL 
OF PAIN 


ACTS FASTER— usually within 5-15 min- 
utes. LASTS LONGER — usually 6 hours or 
more. MORE THOROUGH RELIEF — per- 
mits uninterrupted sleep through the 
night. RARELY CONSTIPATES — excellent 
for chronic or bedridden patients. 


AVERAGE ADULT DOSE: 1 tablet every 6 hours. 
May be habit-forming. Federal law permits oral 


prescription. 


Each PERCODAN™ Tablet contains 4.50 mg. 
dihydrohydroxycodeinone hydrochloride, 0.38 


mg. dihydrohydroxycodeinone terephthalate, 


0.38 mg. homatropine terephthalate, 224 mg. 
acetylsalicylic acid, 160 mg. phenacetin, and 
32 mg. caffeine. | | 


Also available—for greater flexibility in dosage 
The PERCODAN formula with 
one-half the amount of salts of dihydrohy- 
droxycodeinone and homatropine. 


Literature? Write 


ENDO LABORATORIES 
Richmond Hill 18, New York 
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BENEMID is "remarkably free from toxic side 
reaction....Patients tolerate the drug well."¢ 


Lockie, L. M., and Talbott, J.: Does Your 
Patient Have Gout?, Scientific Exhibit, 
American Medical Association, New York City, 


June 3-7, 1957. 
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Sclentiric 

Exhibit 

tion, Atlantic City, June Medical Associa- 
29 


Supply: BENEMID* probenecid, 0.5 Gm. tablets, bottles of 100 and 1000. ~ — 
Also available: Co.BENEMID* 0.5 mg. colchicine and 0.5 Gm. BENEMID. Bottles of 100. | 


For additional information, write Professional Services, Merck Sharp & Dohme, West Point, Pa. 


Qo) MERCK SHARP & DOHME, DIVISION OF MERCK & CO., INc., WEST POINT, PA. 


*BENEMID AND Co.BENEMIOD ARE TRADEMARKS OF MERCK & CO., INC. 


+ "Since the introduction Of probenecid {BENEMID / 
into clinical medicine. ..a great deal of Justifiable 
enthusiasm has been evidenced and numerous reports 
On the use of this drug have appeared....Alj 
| patients who have gout Should be Offered prolonged 
; therapy with a Safe uricosuric agent such as 
Probenecid... 
Bartels, C., and Matossian, G. S-: Gout: 
Six-Year Follow-Up On Probenecid (BENEMTD ) 
Therapy, Arthritis and Rheumatism 2:193, 
June 1959, 
\ 
Kron, Bs Hermann, Fes S 
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AN AMES CLINIQUICK® 


CLINICAL BRIEFS FOR MODERN PRACTICE 


how does diet affect the production of bile? 


High-protein diets produce the greatest bile flow. Fat is a weaker choleretic 
than protein, and carbohydrates are without choleretic effect. 


Source: Popper, H., and Schaffner, FE: Liver: Structure and 
Function, McGraw-Hill, New York, 1957, p. 83. A 


when thin, free-flowing bile is desired... DECHOLIN® 


(dehydrocholic acid, AMES) 
in biliary infection—‘...a copious thin bile facilitates the flushing of the ducts.”’* 


in postoperative management —“After relief of biliary obstruction, acceleration of bile forma- 
tion, for which administration of bile acids has been suggested, may be desirable.”’* 


Available: DECHOLIN tablets: (dehydrocholic acid, AMES) 334 gr. (250 mg.). 
Bottles of 100, 500, and 1,000; drums of 5,000. 


and when spasmolysis is also needed... 
DECHOLIN® WITH BELLADONNA 


(dehydrocholic acid with belladonna, AMES) 


for functional distress of the gastrointestinal tract—especially in geriatrics AMES 


COMPANY, INC 
Elkhart « Indiana 


Available: DECHOLIN/Belladonna tablets: DECHOLIN (dehydrocholic acid, AMES), 7 Toronto » Canada 
334 gr. (250 mg.), and extract of belladonna % gr. (10 mg.). Bottles of 100 and 500. 


*Popper, H., and Schaffner, Fi: op. cit., p. 84. 
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Photo used with patient’s permission. 


Patient’s comment: ‘‘The other drug [whole root rauwolfia] made me feel lazy. | just didn’t feel 
in the mood to make my calls. My nose used to get stuffed up, too. This new pill [Singoserp] 
doesn't give me any trouble at all.”’ 


Clinician’s report: J. M., a salesman, had a 16-year history of hypertension. Blood pressure at 
first examination was 190/100 mm. Hg. Whole root rauwolfia lowered pressure to 140/80 — 
but side effects were intolerable. Singoserp, 0.5 mg. daily, further reduced pressure to 130/80 
and eliminated all drug symptoms. 


Many hypertensive patients and their physicians 


prefer Singoserp: because it usually lowers 
blood pressure without rauwolfia side effects 


SUPPLIED: Singoserp Tablets, 1 mg. (white, scored). Also available: Singoserp®-Esidrix® Tablets #2 (white), each con- 
taining 1 mg. Singoserp and 25 mg. Esidrix; Singoserp®-Esidrix® Tablets #1 (white), each containing 0.5 mg. Singoserp 
and 25 mg. Esidrix. Complete information sent on request. 

Singoserp® (syrosingopine CIBA) Singoserp®-Esidrix® (syrosingopine and hydrochlorothiazide CIBA) 
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for faster, more prolonged and 
effective antiemetic action in the 


entire range of emetic situations 


CAPSULES 


NEW 250 mg 


without phenothiazine risks 
without the limitations 
of antihistamines 


Available: Capsules, blue, 250 mg—bottles of 50. 
Also available as: 100 mg Capsules, blue and white. 
Ampuls, 2 ce (100 mg/cc). 

Vials, 20 ce (100 mg/cc). Suppositories, 200 mg. 


TIGAN® Hydrochloride —4-(2-dimethy! aminoethoxy)-N- 
(3,4,5-trimethoxybenzoy!) benzylamine hydrochloride 


Consult literature and dosage information, 
available on request, before prescribing. 


ROCHE 


LABORATORIES 


Division of Hoffmann-La Roche Inc. 
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NEEDED: THE APPETITE SUPPRESSANT STRONG ENOUGH AND SAFE ENOUGH TO DO THE JOB 


Ambar controls many cases of overeating/obesity 
refractory to usual therapy. To strengthen the 
for successful dieting, the methampheta- 
ne-phenobarbital in Ambar is designed to 
improve mood without harmful CNS overstimu- 
ation. Available in different forms to enable 
individualization of dosage: AMBAR #1 EXTENTABS, 


10-12 hour extended action tablets, methamphe- 
tamine HCI 10.0 mg., phenobarbital 64.8 mg. 
AMBAR #2 EXTENTABS, methamphetamine HCI 
15.0 mg., phenobarbital 64.8 mg. Also conven- 
tional AMBAR TABLETS, methampheta- 
mine3.33mg., phenobarbital 21.6mg. {Robins} 
A. H. ROBINS CO.,INC., RICHMOND 20, VA. WA 


xtentabs /Ambar #2 Extentabs 
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teamwork in\@ 
Each teaspoonful of POIARAMINE 


Expectorant provides four ther- } i! 
| 


teaspoon 


congested mucous 
membranes are returned to 
apeutic effects for more complete, | normal rapidly, gently; dry, 
rapid and effective relief of the } | B unproductive coughing ts 
coughs and complications assoct- } Ba relieved; and further allergic 
ated with your patients’ allergic response and its manifesta- 


tions are reduced. 


expectorant 


resptralory disorders. 


Each 5 cc. teaspoonful of POLARAMINE Expectorant contains: 
2 mg. POLARAMINE (dexchlorpheniramine) Maleate 
20 mg. d-lsoephedrine Sulfate 


100 mg. Glyceryl Guaiacolate 
Supply: 16 oz. bottles. cheriing 
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ROMILAR has one specific central action: raising the cough reflex threshold.! There 
is no analgesic effect, no central depression.!-7 Cough control begins within 15 to 
30 minutes and lasts for as long as six hours.” ROMILAR iS a unique Cough specific: it 
provides the antitussive potency of codeine with the safety of a placebo.3 There is no 
tolerance liability, no addictive potential.1.3-6 


ROMILAR is of special value when cough suppression ts vital—in patients with pul- 
monary and cardiac disease, hernia or rib fracture, before and after abdominal and 


EENT Surgery and during |.v. infusions. 
SUPPLY: Syrup in bottles of 4 0z, 16 oz, 1 gal. Tablets in bottles of 20, 100, 500. Expectorant in bottles of 


16 oz, 1 gal. 

REFERENCES: 1. H. A. Bickerman in W. Modell, Ed., Drugs of Choice 1958-1959, St. Louis, The C. V. Mosby 
Company, p. 557. 2. L. J. Cass and W. S. Frederik, New England J. Med., 249:132, 1953. 3.L. J. Cass, 
W. S. Frederik and J. B. Andosca, Am. J. M. Sc., 227:291, 1954. 4. H. Isbell and H. F. Fraser, J. Pharmacol. 
& Exper. Therap., 107:524, 1953. 5. W.M. Benson, P. L. Stefko and L. O. Randall, J. Pharmacol. & Exper. 
Therap., 109:189, 1953. 6. New and Nonofficial Drugs 1959, Philadelphia, J. B. Lippincott Company, 1959, 
p. 326. 7. N. Raiph, Am. J. M. Sc., 227:297, 1954. 8. H.A. Bickerman, E. German, B. M. Cohen and S. E. 


itkin, Am. J. M. Sc., 234:191, 1957. 


Hydrobromide—brand of dextromethorphan hydrobromide 


ROCHE LABORATORIES « Division of Hoffmann-La Roche Inc «+ Nutley 10, N. J. 
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CASE OF ‘DIARRHEA 


237 cc. oz.) No. 31 77% 


GREMOMYCIN, 


SUCCIMYLSULFATHIAZOLE— 
MEOMYCIM SUSPENSION 

wth PECTIN and KAOLIN 

CAUTION: Federal law protubyts 

without prescription. 


Merck Sharp & Dohme 
Division of Merck & Co.. inc. 
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Cremomycin, provides rapid relief of virtually all diarrheas ‘ 


NEOMYCIN —rapidly bactericidal against most intestinal pathogens, but relatively 
f ineffective against certain diarrnea-causing organisms. 

SULFASUXIDINE® (succinylsulfathiazole) —an ideal adjunct to neomycin because 
it is highly effective against Clostridia and certain other neomycin-resistant 


organisms. 
. KAOLIN AND PECTIN—Coat and soothe the inflamed mucosa, adsorb toxins,help @ 
,” reduce intestinal hypermotility, help provide rapid symptomatic relief. 
a For additional information, write Professional Services, Merck Sharp & Dohme, West Point, Pa. i} 


({-D MERCK SHARP & DOHME, DIVISION OF MERCK & CO.,1Nc., PHILADELPHIA 1, PA. (4 


CREMOMYCIN AND SULFASUXKIDINE ARE TRADEMARKS OF MERCK & CO., INCe 
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diuretic of choice in edema and hypertension. It maintains a 
favorable urinary sodium-potassium excretion ratio, retains a 
balanced electrolyte pattern, and causes a relatively small in- 

in the urinary pH.* More potent than other diuretics 

in usually provides 18-hour diuretic action with just a 
singie 5 mg. tablet per day — economical, once-a-day dosage 
for the patient. Naturetin € K — for added protection in those 
special conditio: g to hypokalemia and for patients 
long-term therapy. 


t tl 
Squibb Benzydroflumethiazide Squibb £ 


f 


971 


ective diuretic 


upplied: Naturetin Tablets, 5 mg., scored, and 2.5 


¢ 500) Tablets, capsule-shaped, containing 


zydroflumethiazide and 500 mg. potassium chloride. Naturetin 
c K (2.5 ¢ 500) Tablets, capsule-shap containing 2.5 mg. 
benzydroflumethiazide and 500 mg. potassium chloride. For com- 
plete information consult package circular or write Professional 
Servic Dept., Squibb, 745 Fifth Avenue, New York 22, N. Y. 
References: ] avid, N. A.; Porter, G. A.. and Gray, R. H 
Monoaraphs or 60 (Feb.}) 1960. 2. Ford, R. V.: 
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| know it has 
a fine record 


a reservoir of dependable performance 


Terramyei inerapy 


| ~ 
y 


a reservowr of 
| dependable performance 
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Terramyan® therapy 


ie 

J 


today’s oral form of Terramycin 


Cosa-Terramycin’ 


assuring broad 

antibiotic usef ulness 
with excellent 

| toleration and 
dependabilrty 


low order of toxicity of oxytetracycline as demonstrated « 


Pfizer 


PFIZER LABORATORIES 


IN BRIEF 


Cosa-Terramycin provides oxytetracycline (Terramycin™ with 


for enhanced system absorption on oral admin- 


istration. The dependability of Cosa- lerramvein derives from 
the broad antimicrobial effectiveness, excellent toleration, and 
T ally Wn the successful treatment of a wide Variety of common 
infections. Pharmacologically, it is character- 


ized by high tissue penetration, low serum binding, and rapidly 


} 
iT? eG 3 OT) rinaryvy concentration 
INDICATIONS: is ett ctive avainst both 
to susceptibie Organisin These clude infection tne respi 
Tissue phthaim Gastromtestinal sprrochetal rickettsia 
nfect s. and many others 
ADMINISTRATION AND DOSAGE: oral Gosage varies 
severity, response and susceptibilitv of the infection. Adults 
(jm. of oxvtetracvcline daily is usually effective. 
Tis 1 di 2-4 Gil das ndicated 


body weight daily is recommended. Daily dosage for children 
nd adults should be given in divided doses tour times 


Duration of therapy in most Cases should be at least 24 to 4! 


hours after symptoms and fever have subsided. Certain dis- 


i 
eases, Sucn as PIMIWOTITT mrestation, ets treated 
‘ iT { 
4 
tion (200-300 mg. daily; should be adequate for most n iid 
ind moderately severe infections In severe mrections 
| 
daily mav be necessary. Dosage for infants and children 


prop rtionately less than for adults 


1] 


SIDE EFFECTS AND PRECAUTIONS: Antibiotics may allow over 


growth of nonsuss eptible organisms — particularly monilia and 
resistant staphylococci—thus necessitating close observation of 


patients. If monilial overgrowth or a resistant staphylococcal 
nfection appears, discontinue medication and institute ind1- 


cated supportive therapy and treatment with other appropriate 


antibiotics. Aluminum hydroxide gel has been shown to de- 
crease antibiotic absorption and is therefore contraindicated. 


(;lossitis and allergic reactions are rare side effects. There are 


no known contraindications to glucosamine. 


SUPPLIED: (osa-Terramycin Capsules, 125 mg. and 250 mg. 
Terramycin is also available in: Cosa-Terrabon™ Oral Suspen- 
sion, a palatable preconstituted liquid containing 125 mg. per 
5 cc. teaspoonful, bottles of 2 oz. and 1 pint; Cosa-Terrabon“ 
Pediatric Drops, a palatable preconstituted liquid containing 
5 mg. per drop (100 mg. per cc.), bottle of 10 cc. with cali- 
brated plastic dropper; and Terramycin Intramuscular Solu- 
tion, conveniently preconstituted, 100 mg. and 250 mg. in 2 cc. 
prescored glass ampules — packages of 5 and 100. In addition, a 
variety of other systemic and local dosage forms are available to 
meet specific therapeutic requirements. 


More detailed professional information available on request. 
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In depression 


To restore emotional stability 
during the declining years 


Tofranil 


Thymoleptic 


for geriatric use 


Tablets of 10 mg. 


Recent studies’ strongly indicate 
underlying depression as a Causative 

factor, and Tofranil as aneminently _ 
successful agent, in restoring the difficult 
geriatric patient to a more contented frame 
of mind and more manageable disposition. 


1. Cameron, E.: The Use of Tofranilin 
the Aged, Canad. Psychiat. A. J. Special 
Supplement, 4:S160, 1959. 2. Christe, P.: 
Indications for Tofranil in Geriatrics, 
Schweiz. med. Wchnschr. 90:586, 1960. 
3. Schmied, J., and Ziegler, A.: Tofranil in 
Geriatrics, Praxis 49:472, 1960. 


Also Available: 


For the treatment of non-geriatric 
depression: Tofranil tablets of 25 mg. 
and ampuls of 25 mg. in 2 cc. solution. 


| Geiny Geigy, Ardsley, New York 


TO-451-60 
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CITRUS BIOFLAVONOIDS 


W hen 


1 
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Hesperidin, Hesperidin Methyl Chalcone, or Lemon Bioflavonoid Complex are 
prescribed as therapeutic adjuncts for control of vascular and capillary damage 


and abnormal cellular metabolism associated with manv stress conditions. 
These stress conditions may result from nutritional deficiencies, 
environment. drugs, chemicals, toxins. virus or infection. 

SUNKIST AND EXCHANGE BRAND Hesperidins and Lemon Bioflavonoid 
Complex are available to the medical profession in specialty 


formulations developed by leading pharmaceutical manufacturers. 


Sunkist Growers 


PRODUCTS SALES DEPARTMENT ¢ PHARMACEUTICAL DIVISION 


Ontario. California 
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Maintenance 
of Capillary 
Integrity 


Incidence of impaired capillary function 
is more frequent than previously 
recognized, Many publications indicate 
the frequency of increased capillary 
weakness ranges from 16°, to as high as 
50°. of patients examined (1-4). 


Reports show older people have a high 
incidence of capillary fragility (6). 

In a group of 111 patients, capillary 
weakness was noted to be greatest in 
the fitth and sixth decades (5). 


Hypertensives (7, 8, 9) and those with 
chronic diseases such as arteriosclerosis, 
diabetes and rheumatoid arthritis, have 
shown varying degrees of capillary 
involvement. Hemorrhagic conditions ot 
the brain and heart have shown localized 
injury in the capillary (10, 11). 


Capillary tragility has been shown 
to be associated with many bacterial. 
viral and inflammatory diseases (12-23). 


Various bioflavonoid materials have been 
evaluated for their effect upon the 

capillary. Degree of fragility has been 
determined by numerous procedures (24-30). 


The therapeutic rationale of combining 
Hesperidin or other citrus bioflavonvids 
with ascorbic acid or other therapeutic 
agents is based on the premise that 
capillary weakness may be a contributing 
factor to the disease state and that 
capillary integrity should be maintained. 
Citrus bioflavonoids in conjunction 

with ascorbic acid appear to enhance the 
efficacy of other therapy, and help 
control such factors as infection, stress 
and nutritional deficiency even in 

cases not showing capillary weakness. 


NOTE: For bibliography (B-701) write 
Sunkist Growers, Pharmaceutical Division, 


720 E. Sunkist Street, Ontario. California. 
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The 
American Journal of Medicine 


TEN YEAR INDEX 


July 1946 through June 1956 


This subject and author index provides 
an invaluable aid for quick reference and 
review purposes to the articles and au- 
thors who have appeared in the journal 


during a ten year period. 


The American Journal of Medicine, Inc. 


11 East 36th Street, New York 16, N. Y. 


Please send me the new Ten Year Index to 
The American Journal of Medicine for 
which I enclose $5.00 U.S.A.—$5.50 Foreign 


(Limited Number of Copies Available) 
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THE FACTS ABOUT MER/29 


MER reduces total body cholesterol 


in 8 out of 10 
—and these are the patients 


most likely to benefit 


your patient with high cholesterol levels... 


MER/29 reduces both serum and tissue cholesterol, irrespective of diet. 
In 463 patients, the mean cholesterol was reduced from 324 mg.% to 


1-6 


253 mg.% —an average decrease of 71 mg.%. 


your patient with angina pectoris... 


concurrent benefits have been reported in some patients receiving 
MER/29. These include decreased incidence and severity of attacks, 
improved ECG patterns, diminished nitroglycerin requirements, and 


1 ,4,6-8 


increased sense of well-being. 


your patient with postmyocardial infarction... 


while more time is needed to determine the over-all prognostic signif- 
cance, it has been observed that MER/29 “... reduced morbidity and 
mortality rates below those of control series during the first year follow- 
ing coronary thrombosis.” 


your patient with generalized atherosclerosis... 


atherosclerosis “... has been shown to afflict about 77% of American 
males as early as in the 20-to-30 age range.”” With MER/29 you have 
a new, well-tolerated means of lowering cholesterol — which has been 
considered “... the sine gua non of the atheromatous lesion.” 
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compatible with other cardiovascular therapies: MER/29 can be used along 
with other measures to control anxiety, hypertension, obesity, and other conditions 
associated with cardiovascular disorders. These include anticoagulants, nitro- 
glycerin, and PETN. 


safety data: Patients have now been treated with MER/29 for relatively long and 
continuous periods. In no case has there been evidence of serious toxic effects on 
the function of any vital organ or system. However, since long-term MER/29 
therapy may be necessary, periodic examinations, including liver-function tests, 
are desirable. Side effects (nausea, headache, dermatitis) are rare and have usually 
been associated with dosages greater than those recommended for effective therapy. 


contraindication: Pregnancy. Since MER/29 inhibits cholesterol biosynthesis, and 


cholesterol plays an important role in the development of the fetus, the drug 
should not be administered during pregnancy. , 


supplied: Bottles of 30 pearl gray capsules. 


.the first cholesterol-lowering agent to inhibit the formation of excess 
cholesterol within the body, reducing both tissue and serum cholesterol 


.no demonstrable interference with other vital biochemical processes 


reported to date 
. convenient dosage: one 250 mg. capsule daily before breakfast 


.toleration and absence of toxicity established by 2 years of clinical 


(triparanol ) 


investigation 


References: 1. Hollander, W., and Chobanian, A. V.: Boston M. Quart. 10:37 (June) 1959. 
2. Oaks, W., and Lisan, P.: Fed. Proc. 18:428 (Mar.) 1959. 3. Oaks, W. W., ef al.: 
A. M. A. Arch. Int. Med. 104:527 (Oct.) 1959. 4. Lisan, P.: Proceedings, Conference on 
MER/29, Progr. Cardiovasc. Dis. 2:(Supp]l.)618 (May) 1960. 5. Oaks, W. W.: lbid., 
p. 612. 6. Hollander, W., et al.: Ibid., p. 637. 7. Halperin, M. H.: Idid., p. 631. 8. Toro, J.: 
Ibid., p. 544. 9. Morrison, L. M.: J.A.M.A. 173:884 (June 25) 1960. 


Merrell THE WM. S. MERRELL COMPANY 0-619 


Cincinnati 15, Ohio « St. Thomas, Ontario 
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few days. He eats well, 
sleeps well and soon returns 


ties. 


ivi 


to his normal act 
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calms 


For cardiovascular and G.I 


117 


. patients — 


a smooth, balanced action that lifts depression 


as it calms anxiety...rapidly and safely 


Balances the mood — no “seesaw” effect 
of amphetamine-barbiturates and ener- 
gizers. While amphetamines and energizers may 
stimulate the patient —they often aggravate 
anxiety and tension. 


And although amphetamine-barbiturate combina- 
tions may counteract excessive stimulation — they 
often deepen depression. 

In contrast to such “seesaw” effects, Deprol’s 
smooth, balanced action lifts depression as it calms 
anxiety — both at the same time. 


Acts swiftly -— the patient often feels 
better, sleeps better, within a few days. 
Unlike the delayed action of most other antide- 
pressant drugs, which may take two to six weeks 
to bring results, Deprol relieves the patient quickly 
—often within a few days. Thus, the expense to the 
patient of long-term drug therapy can be avoided. 


Acts safely — no danger of liver damage. 
Deprol does not produce liver damage, hypoten- 
sion, psychotic reactions or changes in sexual 
function—frequently reported with other anti- 
depressant drugs. 


Bibliography (/0 clinica! studies, 858 patients):1. Alexander, Lt. (35 patien Chemotherapy 
of depression — Use of meprobamate combined with benactyzine (2-die aminoethyl benzilate) hydrochlo 
ride. J.A.M.A. 166:1019, March 1, 1958. 2. Bateman, J. C. and Carlton, H. N. (50 patients): Meprobamate 
and benactyzine hydrochloride (Depro!) as adjunctive therapy for patients with advanced cancer. Antibiotic 
Med. & Clin. Therapy 6:648, Nov. 1959. 3. Beerman, H. M. (44 patients): The treatment of depression with 
meprobamate and benactyzine hydrochloride. Western Med. 1:10, March 1960. 4. Bell, J. L., Tauber, H., 
Santy, A. and Pulito, F / patients): Treatment of depressive states in office practice. Dis. Nerv. System 
20:263, June 1959. 3. Breitner, C. (31 patients): On mental depressions. Dis. Nerv. System 20:142, (Section 
Two), May 1959. 6 Gordon, P. E. (50 patients): Deprol in the treatment of depression. Dis. Nerv. System 
21:215, April 1960. 7. Landman, M. E. (50 patients): Clinical trial of a new antidepressive agent. J. M. Soc. 
New Jersey. In press, 1960. 8. McClure, W., Papas, P. N., Speare, G. S., Palmer, E., Slattery, J. J., 
Konefal, S$. H., Henken, B. S., Wood, C. A. and Ceresia, G. B. (128 patients): Treatment of depression — New 
technics and therapy: Am. Pract. & Digest Treat. 10:1525, Sept. 1959. 9. Pennington, V. M. (135 patients): 


Meprobamate-benactyzine (Deprol) in the 


treatment 


J. Am. Geriatrics Soc. 7:656, Aug. 1959. 10. Rickels, 
conditions. Dis. Nerv. System 20:364, (Section One) 


compinead 


Deprol (meprobamate ith benactyzine 
y 


M. Ann. District of Columbia 28:438, Aug. 1959. 12. 


elderly with a meprobamate-benactyzine hydrochloride combination. 


Jan. 1960. 13. Splitter, S. R. (84 patients) 
Exper. Psychopath. In press, April-June 1960. 


“Deprol* 


WW) WALLACE LABORATORIES /Cranbury, N. J. 


Treatment of the anxious patient in general practice. J. 


of chronic brain ndr 
K. and Ewing, J. 
hydrochliorid in th 
Settel, E. 


on schizophrenia and senility. 
35 patients): Deprol in depressive 
, A. (87 patients): Use of 
ce treatment of depression. 
patients): Treatment of depression in the 
Antibiotic Med. & Clin. Therapy 7:28, 
Clin. & 
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Dosage: Usual starting dose is 1 tablet q.i.d. When 
necessary, this dose may be gradually increased up to 
3 tablets q.i.d. 


Composition: 1 mg. 2-diethylaminoethyl benzilate hydro- 
chloride (benactyzine HCl) and 400 mg. meprobamate. 
Supplied: Bottles of 50 light-pink, scored tablets. Write 
for literature and samples. 


For Dependable Relief of 
Skeletal Muscle Spasm... 
I'wo Tablets Per Day 


orphenadrine citrate 


ADVANTAGES 

e Mobility is restored quickly and 
associated pain relieved by prompt 
relaxation of muscle spasm. 


e Prolonged action and potency pro- 
vide round-the-clock benefits —in- 
cluding uninterrupted sleep. 


e Impairment of general muscle 
tonus has not been reported when 
the recommended standard dos- 
age is followed. 


INDICATED IN ALL TYPES OF ACUTE MUSCLE SPASM 

following sprains, strains, whiplash STANDARD DOSAGE Only one tablet 
injuries, intervertebral disc syndrone, b.i.d. for all adults regardless of age, 
weight, or sex. Simple dosage assures 


chronic osteoarthritis, etc. 
maximum patient cooperation. 


Norflex for prompt, safe 


spasmolytic action 


Northridge, California 
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are your Hypertensives bothered by 
NASAL CONGESTION? 


Of 403 Hypertensive and Anxiety Patients Treated with 
Harmonyl, only 12—2.7%—Reported Nasal Congestion* 


switch your working hypertensives to 


(Deserpidine, Abbott) 


ABBOTT 


*See page 125 for footnotes and dosage 


CO4226A 


Prominent Surgeons in the Field of Pediatrics 
Present Important New Clinical Findings 
In a Stimulating Symposium on 


PEDIATRIC SURGERY 


Guest Editors:—H. William Clatworthy, Jr., M.D., and 
E. Thomas Boles, Jr., M.D., Children’s 
Hospital, Columbus, Ohio 


Scheduled for publication in The American Journal of Surgery 


The Symposium on Pediatric Surgery is another in the series 
of Journal symposia that are receiving wide professional 
acclaim for their essential and practical help. 


(Supply limited. Subscribe now.) 


THE AMERICAN JOURNAL OF SURGERY 
11 EAST 36TH STREET, NEW YORK 16, N.Y. 
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In Acute 


Iliness... 


Can Speed 


Recovery 


“Commonly. negative nitrogen balance! occurs 
during acute febrile illnesses and following 
traumatic events and surgical procedures.” As 
much as 300 to 400 Gm. of nitrogen- may be 
destroyed daily in severe infections. Convales- 

cence! is delayed when negative nitrogen bal- 

ance is large and persistent. 

NILEVAR Builds Protein, Speeds Convales- 
cence to Complete Recovery? ©“... were 
impressed? with the efficacy of Nilevar as an 
anabolic agent. All of the patients reported feel- 
ing much more vigorous and experiencing an 


we 


increase in appetite. ...” 

The actions of Nilevar* in reversing a nega- 
tive nitrogen balance —and therefore a negative 
protein balance—improving the appetite and in- 
creasing the sense of well-being can be expected 
to shorten the illness and the convalescence of 
these patients. 

An initial daily dosage of 30 mg. of Nilevar 
(brand of norethandrolone) is suggested. After 
one to two weeks, this dosage may be reduced 
to 10 or 20 mg. daily in accordance with the re- 
sponse of the patient. Continuous courses of 
therapy should not exceed three months, but 
may be repeated after rest periods of one 
month. Nilevar is supplied as tablets of 10 mg., 
drops of 0.25 mg. per drop and ampuls of 25 
mg. in 1 cc. of sesame oil with benzyl alcohol. 


1. Eisen, H. N., and Tabachnick, M.: Protein Metabolism, M. 
Clin. North America 39:863 (May) 1955. 2. Jamison, R. M.: 
( } Deticiency, V rginia M. Month. 83:67 (Feb.} 
1956. 3. Goldtarb, A. F.; Napp, E. E.; Stone, M. L.: Zucker- 
n A. B., and Simon The Anabolic Effects of Norethan- 
d ne, a 19-Nortestosterone Derivative, Obst. & Gynec 
11:454 (April) 1958. 4. Batson, R.: Investigators Report, Feb 
1] 1956. 5. Weston, R. E ; lscacs, M. C ; Rosenblum, R.; 
G ns, D. M d Grossman, J.: Metabolic Effects of an 
A: Steroid, 17-Alpha-Ethyl-17-Hydroxy-Norandrostenone, 
in Human Subjects, J. Clin. Invest. 35:744 (June) 1956. 6. Brown, 
C. H.: The Treatment of Acute and Chronic Ulcerative Colitis, 
An act. & Digest Treat. 9:405 (March) 1958 
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Research in the Service of Medicine 
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are your Hypertensives troubled with 


LETHARGY? 


Of 403 Hypertensives and Mixed Anxiety 
Patients Treated with Harmonyl, 
only 13—2.9':—Reported Lethargy* 


switch your working Hypertensives to 


Harmonyl 


(Deserpidine, Abbott) 


ABBOTT 


*See page 125 for footnotes and dosage 


0042268 


Please fill out and return the coupon below: 


THE AMERICAN JOURNAL OF MEDICINE 
Mailing Dept., 11 East 56th Street, New York 16, N. Y. 


New ADDRESS: 
Street. 


City_ 


FORMER ADDRESS: 


Street. 


CHANGING YOUR ADDRESS? 
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(please print) 
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({linically ‘Vested Findings Reported 


in the 


Conference Energy Balance 


(28 subjects discussed. Fully illustrated ) 


This Conterence will appear in the Septem- 
ber ‘October issue of The American Journal 
of Clinical Nutrition. 


This is the Journal that keeps the practicing 
clinician informed of new developments in 
Nutrition, Metabolism, Endocrinology and 


Diet Therapy. 


| The American Journal of Clinical Nutrition 
! 11 East 36th Street, New York 16, N.Y. 
| Enter my subscription to The American Journal of Clinical Nutrition for one vear 


(6 issues effective with the September October issue ). 


| Remittance attached. 


4 Send bill for $8.00 (Canada $8.50 Foreign $10.00) 


Address. 


a 
| 
te 
= 
thes 
: 
4 
é by a 
iy 4 
3 
4 
« 
: 
— 
| 
+ 
2 
3 


are your Hypertensives plagued by 


DEPRESSION? 


Of 403 Hypertensive and Mixed Anxiety 
Patients Treated With Harmony], only 6 
—1.5%—Reported Depression. 


switch your working hypertensives to 


(Deserpidine, Abbott) 


*See page 125 for footnotes and dosages. 


ABBOTT 


still available! 


a lamited number of copies ot 


The Symposium 


Onl 


Price $4.00 


This appeared in the December Issue of 


The American Journal of Medicine 
Ll 36TH STREET 
NEW YORK 16, N. Y. 
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pleasure 
of 


awakening’ 


Free of barbiturate “hangover” after a night of deep, refreshing sleep... this is the promise of 
Noludar 300. One capsule at bedtime lulls your patient into undisturbed sleep for as long as 
6 or 8 hours...without risk of habituation, without toxicity or side effects. Try Noludar 300 


for your next patient with a sleep problem. One capsule at bedtime. Chances are he’!] tell you 


“I slept like a log” 


NOLUDA 


brand of methyprylon 


300-mg capsules 


*| ROCHE LABORATORIES + Division of Hoffmann-La Roche Inc + Nutley 10, New Jersey 
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Lethargy in 
Drug Treatment 


of Hypertension 


Of 446 Hypertensive 

and Mired Anxiety Patients 
Treated With Harmonyl*, only 138— 
2.9°, —Reported Lethargy 


Presented are notes from four clinical studies. 
Harmony! was used as sole agent of therapy 
by 446 mixed hypertensives, and patients 
with mild functional/psychiatrie disorders. 
Only thirteen reported lethargy (9 mild) 
with therapy—an incidence of 2.8%. 
Study #1. Two hundred and eighty-three 
patients treated in private practice, at hos- 
pital outpatient clinics, and in office psychi- 
atric practice. Average initial dosage of Har- 
monyl was 0.1 mg. to 0.25 mg. three or four 
times daily. Maximum dose was 6 mg. daily. 
Nine reports of lethargy (all mild). 

Study #2. Eighty patients with benign essen- 
tial hypertension were studied via ‘‘double- 
blind’ method. Mean daily dosage of Har- 
mony! was 0.25 mg., with a minimum dos- 
age of 0.1 mg. and a maximum of 0.5 mg. 
daily. One report of lethargy. 

Study #3. Forty patients with hypertension 
and anxiety neurosis... from mild to mod- 
erately severe. Half of group had received 
other antihypertensive agents at one time or 
another; these were discontinued before and 
throughout the study. Usual dosage of Har- 
monyl was 0.1 mg. three times daily after 
meals. Sometimes an additional dose was 
taken at bedtime. Two reports of lethargy. 
Study #4. Forty-three patients with tension 
and anxiety problems typical of general 
practice. Studied by “‘double-blind”’ method. 
Dosage was 0.25 mg. Harmony! three times 
daily. One report of lethargy. 

Generally speaking, these investigators 
feel Harmony! therapy produces the desired 
results with fewer and less severe side-effects 
than are sometimes seen with other agents. 
There is less disruption of the patient’s ability 
to live and work normally, and there is sel- 
dom any need to curtail or discontinue Har- 
mony! treatment because of side reactions. 


1. Billow, B.W. et al, The Use of a New Rauwolfia Deriva- 
tive, Deserpidine, in Mild Functional Disturbances and 
Office Psychiatry, N.Y. J. Med., 59:1789, May, 1959. 

. Winsor, T., Comparative Effects of Various Rauwolfia 
Alkaloids in Hypertension, Diseases of the Chest, 35:415, 
April, 1959. 

3. Rawls, W.B. and Evans, W.L. Jr., Clinical Experiences 
with Deserpidine in the Management of Hypertension and 
Anxiety Neurosis, N.Y. J. Med., 59:1774, May, 1959. 

4 Frohman, I.P., Tranquilizers in General Practice and 
Clinical Evaluation of Deserpidine, An Alkaloid of Rau- 
wolfia Canescens, Med. Ann. District of Columbia, 27:641, 
December, 1958. 


switch your working hypertensives to 


(Deserpidine, Abbott) 
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practical treatment 
stcoronary patient 


A basic characteristic of the postcoronary patient, ig Fig. ? 
whether or not cholesterol levels are elevated, is his 24h 
inability to clear fat from his blood stream as rapidly 22 
as the normal subject.!3 Figure #J graphically illus- eae 
trates this difference in fat-clearing time by compar- . 
ing atherosclerotic and normal subjects after a fat 2 14 5 
meal.? 5 
“Slow clearers” gradually accumulate an excess of 3 eb : 
fat in the blood stream over a period of years as wer me : 
each meal adds an additional burden to an already 2 EE : 
fat-laden serum. As shown in figure #2, the blood 0 = - 
a literally becomes saturated with large fat particles, 
presenting a dual hazard to the atherosclerotic 
= patient: the long-term danger of deposition of these 
= fats on the vessel walls,4 and the more immediate 
: a risk of high blood fat levels after a particularly 
heavy meal possibly precipitating acute coronary 


embarrassment.>° 


In figure #3, the test tube at the left contains lipemic 
serum, while the one at the right contains clear, or 
normal serum. If serum examined after a 12-hour 
fasting period presents a milky appearance, this is 
a strong indication that the patient clears fat slowly 
and is a candidate for antilipemic therapy in an Fig. 3 
effort to check a potentially serious situation. 


‘Clarin’, which is heparin in the form of a sublingual 
tablet, has been demonstrated to clear lipemic 
serum.*®? Furthermore, a two-year study using 
matched controls resulted in a statistically significant 
reduction of recurrent myocardial infarction in 130 
patients treated with ‘Clarin’.® 


‘Clarin’ therapy is simple and safe, requiring no clot- 
ting-time or prothrombin determinations. Complete 
literature is available to physicians upon request. 


References: 1. Anfinsen, C. B.: Symposium on _ Atherosclerosis, 


Indication: For the management of 


National Academy of Sciences, National Research Council Publication 
es 338, 1955, p. 218. 2. Berkowitz, D.; Likoff, W., and Spitzer, J. J.: hyperlipemia associated with atheroscle- 
Clin. Res. 7:225 (Apr.) 1959. 3. Stutman, L. J., and George, M.: 
2 Clin. Res. 7:225 (Apr.) 1959. 4. Wilkinson, C. F., Jr.: Annals of Int. rosis, especially in| the postcoronary 
ee Med. 45:674 (Oct.) 1956. 5. Kuo, P. T., and Joyner, C. R., Jr.: patient 
J.A.M.A. 163:727 (March 2) 1957. 6. Fuller, H. L.: Angiology 9:311 
ee (Oct.) 1958. 7. Shaftel, H. E., and Selman, D.: Angiology /0:131 
ae (June) 1959. 8. Fuller, H. L.: Circulation 20:699 (Oct.) 1959. Dosage: After each meal, hold one tablet 
under the tongue until dissolved. 
a * Supplied: ‘Clarin’ is supplied in bottles 


of 50 pink, sublingual tablets, each con- 
taining 1500 I.U. of heparin potassium. 


*Registered trade mark. Patent applied for. 


Shes. Leeming & Ce, Inc 


eS (sublingual heparin potassium, Leeming) New York 17, N. ¥ 
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acid 


doses the hard way! 


Each of these food portions con- In each Allbee with C: As much as:* 

tains a saturation dose of one of Thiamine mononitrate (B,) 15mg. 6.9 Ibs. of fried bacon 
the water-soluble B vitamins or C. Riboflavin (B2) 10mg. 31% ozs. of liverwurst 
The easy way to provide such quan- Pyridoxine HC! (Bz) omg. 2 Ibs. of yellow corn 
tities of these vitamins with speed, Nicotinamide _. 50mg. 11 ozs. of roasted peanuts 
safety and economy is to prescribe  Caicium pantothenate 10mg. ‘4 lb. of fried beef liver 


Allbee with C. Recommended in _ Ascorbic acid (Vitamin C) 250mg.  % Ib. of cooked broccoli 
pregnancy, deficiency states, diges- *These common foods are among the richest sources of B vitamins and as- 
tive dysfunction andconvalescence. corbic acid. H.A. Wooster, Jr., Nutritional Data, 2nd Ed., Pittsburgh, 1954. 
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hey help the cough remove its 


These elegant antitussives comprise a group of signifi- 
cantly superior expectorants from which you may select 
the formula best suited for your coughing patient. 


First of all, 
delectability to eye and palate: they all include glyceryl 


they have more in common than mere 


guatacolate. This remarkable expectorant aids the 
coughing mechanism by increasing the secretion of 
Respiratory Tract Fluid,’ which helps liquefy sputum,’” 
makes bronchial and tracheal cilia more efficient,’* 
and acts as a demulcent.'*” Through its effects, all four 
expectorants promote the natural purpose of the cough, 
which is to remove the irritants that cause it.’ 

In addition, the Robins antitussive armamentarium 
provides a choice of widely accepted drugs in various 
combinations with glyceryl guaiacolate for treating 
different kinds of coughs and associated symptoms. For 
antihistaminic effects, there is Dimetane” or prophen- 
pyridamine; for bronchodilation and nasal deconges- 
tion, there are sympathomimetic agents; and for 
cough, there is 


suppression of the “too frequent” 


codeine or dihydrocodeinone. 


References: 


1. Cass, L. J., and Frederik, W. S.: Am. Pract. & Digest Treat. 
Blanchard, K., and Ford, R. A.: Journal-Lancet 74:443, 1954. 3. Hayes, E. W., and Jacobs, L. S.: 
Dis. Chest 30:441, 1956. 4. Blanchard, K., and Ford, R. A.: Rocky Mountain M. J., Vol. 52, 


f 


Each teaspoonful contains: 
Glyceryl guaiacolate 100 


Robitussin: A-C 4 


Each teaspoonful contains: 


Glyceryl guaiacolate 0.0... 100 mg. mg. 
Prophenpyridamine maleate... 7.5 mg 
Codeine phosphate ........0::cccccee 10 mg. 


(exempt narcotic) 


Dimetanee 
Expectorant _ 


Each teaspoonful contains: 
Parabromdylamine maleate 


(DIMETANE ) 2 mg. 
Glyceryl guaiacolate 100 mg. 
Phenylephrine HCl, USP.......... 5 mg. 
Phenylpropanolamine HCl, 


Expectorant-DC 


Each teaspoonful contains the 
Dimetane Expectorant for- 
mula plus Dihydrocodeinone 


(exempt narcotic) 


2:844, 1951. 2. 


No. 3, 1955. 5. Boyd, E. M., and Pearson: Am. J. M. Sc. 2/7:602, 1946. A.H. ROBINS COMPANY, INC., RICHMOND 20, VIRGINIA 
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terminates 


in minutes 


Im 
Shy, 


e 


oral 


Following oral dosage of 75 cc. Elixophyllin, mean blood levels of theophylline 
at 15 minutes' exceed those produced by 300 mg. aminophylline I.V.“—and 


therapeutically effective” levels persist for hours.’ 
No sympathomimetic stimulation 


No barbiturate depression 


No suppression of adrenal function , 


Each tablespoonful (15 cc.) contains theophylline 80 mg. (equivalent to 100 
mg. aminophylline) in a hydroalcoholic vehicle (alcohol 20% ). 
For acute attacks: Single dose of 75 cc. for |. Schluger, J. et al.: Am. J. Med. Sci. 233:296, 


adults; O.5 cc. per Ib. of body weight for 
F ?. Bradwell. E. K.: Acta med. scand. ; 
REFER TO 


146:123, 1953. 
3. Truitt, E. B. et al.: J. Pharm. Exp. PDR 


children. 
Ther. 100:309, 1950. PAGE 812 


For 24 hour control: For adults 45 cc. doses 
before breakfast, at 3 P.M., and before re- 
tiring; after two days, 30 cc. doses. Children, 
lst 6 doses 0.3 cc.—then 0.2 cc. (per Ib. of 


Detroit 11, Michigan 


body weight) as above. 
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Dependable, prompt-a 
daytime sedative. 


Broad margin of safety. Vir- 
tually no drowsiness. Over 


tive by itself and compatible - 
with a wide range of other drugs. 


To avoid barbiturate identifica- 
FLIXIR tion or abuse, Alurate is avail 


able as Elixir Alurate (cherry-red) 


| and Elixir Alurate Verdum 
(emerald-green). 
Adults: 4% to 1 teaspoonful of either 


Elixir Alurate or Elixir Alurate 


Verdum, 3 times daily. 
ALURATE®—brand of aprobarbital 


ROCHE LABORATORIES 


Division of Hoffmann-La Roche inc 
Nutley 10, N. J. 4 
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SALT 


‘or, How to chart a course to brighter diets in edema and hypertension ) 


Man, food and salt: a satisfying triumvirate. Yet the edema or heart patient 
may be denied this pleasant union every day. He eats, but without the bright 
touch salt brings. Small loss? Certainly. Stull, small losses often loom large 
in the patient’s mind. A good diuretic like Oretic can help out here. Oretic 
will successfully treat edema, and work well in mild to moderate hyperten- 
sion. It produces a generous elimination of water and sodium. And this latter 
saluretic effect often opens the door to a more liberal low-sodium regime. Not 
every time, naturally. Each patient—each diet—is different. But an adjusted 
diet should be possible often enough to make the plan worth considering. 
Consider what it will mean to the patient to have the real pleasure of some real 
salt back on the table. You’]! know how much it means, when he thanks you. 


ORE TIC a potent means when the end is 
@ saluresis. Tablets, 25- and 50-mg. 


(Hydrochlorothiazide, Abbott) 
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KEEPS 
THE 


FREE PAIN 


THE MIND OFF 
THE STOMACH 


Milpath acts quickly to suppress hypermotility, 
hypersecretion, pain and spasm, and to allay 
anxiety and tension with minimal side effects. 


Milpath-400 — Yellow, scored tablets of 
400 mg. Miltown (meprobamate) and 
25 mg. tridihexethyl chloride. Bottle of 50. 


AVAILABLE Dosage: 1 tablet t.i.d. at mealtime and 
IN TWO 2 at bedtime. 
Milpath-200 — Yellow, coated tablets of 
POTENCIES: 200 mg. Miltown (meprobamate) and 


25 mg. tridihexethyl chloride. Bottle of 50. 


Dosage: 1 or 2 tablets t.i.d. at mealtime 
and 2 at bedtime. 


® Miltown +anticholinergic 


WALLACE LABORATORIES New Brunswick, N. J. | 
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Tetracycline 


now combined with the new, more active antifungal anti- 


biotic—- Fun fo r broad Spectrum therap antimonilial proph ylaxts 


A new advance in broad spectrum antibioric therapy, 
MYSTECLIN-I provides ui] the well-known benefits of tetra- 
i? 
cycline and also contains the new, clinically proved antifungal 


‘ungizone. This Squibb-develope 


» 
ry 
Ne 
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d 


ministration when 


antibiotic. W 
is unusually free of side effects on oral a 


Ofai prophylactic doses. has substantially Preater in 


vitro activity than nystatin against strains of Candida (Monilia) 


aiDicans 


Thus, in addition to providing highly effective broad spec- 


trum tnefa 1) 


9v. MYSTECLIN-F prevents the monilial over- « 
grow th in the gastrointestinal tract so Commonly associated 


if 


Sauibb Quality — 


the Priceless Ingredtent 


SQUIBB 


with such therapy. It helps to protect the patient from trouble- 

some, even serious, monilial Complications 

New Mysteclin-F provides this added anufungal protection 

at little increased cost to your patients Over Ordinary tetracy- 

cline preparations 

50 mg.) MYSTECLIN-F 
MYSTECLIN-F FOR 

FOR AQUEOUS 


MYSTECLIN-F CAPSULES (250 mg 
STRENGTH CAPSULES (125 mg./ 25 
SYRUP (125 mg./25 5S cc.) MYSTECLIN-E 
DROPS (100 mz 
For complete information, consult package insert or write to Profes- 
sional Service Department, Squibb, 745 Fifth Avenue, N. Y. 22, N. Y. 


Avatlabl, as 
meu 
mz. per 
£0 mg. per cc.) 


Squibb Phosphare-Porentiated Tetracycline (SUMYCIN) piss Amphotericin B ( FUNGIZONE) 
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CLINICAL REMISSION 
ARTHRITIC 


In disabling rheumatoid arthritis. A 62-year-old printer incapacitated 
for three years was started on Decapron, 0.75 mg./day. Has lost no 
work-time since onset of therapy with Decapron one year ago. Blood 
and urine analyses are normal, sedimentation rate dropped from 36 
to /. He is in clinical remission. * 


New convenient b.i.d. alternate dosage schedule: the degree and extent of relief provided by 
DECADRON allows for b.i.d. maintenance dosage in many patients with so-called “‘chronic’’ condi- 


tions. Acute manifestations should first be brought under control with a t.i.d. or q.i.d. schedule. 


Supplied: As 0.75 mg. and 0.5 mg. scored, pentagon-shaped tabiets in bottles of 100. Also availabic 


as injection DECADRON Phosphate. Additional information on DECADRON is available to physicians 
“From a clinical’ investigator's report to Merck Sharp & Dohme, 


on request. DECADRON is a trademark of Merck & Co.. Inc. 


TREATS MORE PATIENTS MORE EFFECTIVELY 


Oo) MERCK SHARP & DOHME « Division of Merck & Co., Inc., West Point, Pa, 
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T he 
“practical approach” 
LO 


clinical cardiology 


1S found mn 


THE AMERICAN JOURNAL 
OF CARDIOLOGY 


Issued monthly 


as the official publication of 
The American College 


of Cardiology 


WRITE FOR YOUR FREE 


“SAMPLE COPY 


The American Journal of 


Cardiology 


11 EAST 36TH STREET 


NEW YORK 106, N.Y. 
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Oxyphencyclimine hydrochloride 


IN BRIEF 


DARICON, oxyphencyclimine hydro- 
chloride, is a long-acting highly effec- 
tive anticholinergic providing potent 
antispasmodic and antisecretory ac- 
tions. white, scored tablet 
tains 10 mg. of oxyphencyclimine 
hydrochloride. DARICON provides 24 
hour relief from the pain and discom- 
fort of peptic ulcers, usually with just 
b.i.d. dosage. A high percentage of 
refractory ulcer cases have responded 
well to DARICON. 


INDICATIONS: DARICON 1s valuable 
for the adjunctive management of 
peptic ulcers—duodenal, gastric and 
marginal types; functional bowel syn- 
drome —irritable colon, spastic colon 
including mucous colitis; pylorospasm, 
cardiospasm; chronic nonspecific 
ulcerative colitis; biliary tract disease, 
including cholecystitis and cholelithia- 
sis; hiatus hernia accompanied by 
esophagitis or ulcer; gastritis, acute or 
hypertrophic; duodenitis; bladder 
spasm with or without cystitis; ureteral 
spasm, as with stones or pyelonephritis. 


SIDE EFFECTS & PRECAUTIONS: 
Dryness of the mouth is the most com- 
mon peripheral effect. Blurring of 
vision, constipation, and urinary hesi- 
tancy or retention occur infrequently. 
These effects may decrease or disap- 
pear as therapy continues, or can be 
minimized by adjustment of dosage. 
Caution should be exercised when 
usINg DARICON in patients with pros- 
tatic hypertrophy or glaucoma. 


ADMINISTRATION & DOSAGE: I he 
average adult dosage is 10 mg. of 
DARICON given twice daily — in the 
morning and at night before retiring. 
(Dosage should be adjusted in rela- 
tion to therapeutic response.) As much 
as 30 ig. daily iS acceptable to some 
adult patients. As little as 5 mg. daily 
is therapeutically effective in some 
adult patients. 


SUPPLY: DARICON is supplied as a 
white scored 10 mg. tablet. 

More detailed professional informa- 
tion available on request. 

PFIZER LABORATORIES 

Division, Chas. Pfizer & Co., Inc. 
Brooklyn 6, N. Y. 
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It is important, in the over-all management of duodenal ulcers, that the healing process 
established during the waking hours continue uninterrupted during the sleeping hours. 


DARICON provides naturally prolonged antispasmodic-antisecretory protection throughout 
the night— when ulcer control depends on continuity of anticholinergic activity. A single 
DARICON tablet usually permits both ulcer and’ patient to rest undisturbed for 8 to 12 hours. 
The same prolonged anticholinergic action can be provided during the daytime hours 
usually with just | DARICON tablet at breakfast. 


® 
(Pfizer 
Science = 
for the world’s 
> 


well-bein g™ 7 AN AS Oxyphencyclimine hydrochloride 


EGE 
LEE Lil 
Y, 
? 
\ 
4 
Z 
4 
he 
4 
| 
jf 
Al AT 
4 
; 
3 
: 
a 


? 


nsion 


th hyperte 


W/ 


another patient 


‘ 
& 
‘oa 
; 


indicated effective 
in all degrees by itself in most 
of hypertension hypertensives 


with RESERPINE 


HYDROPRES can be used: 


» a/one (in most patients, HYDROPRES is the only antihypertensive medication needed.) 


» as basic therapy, adding other drugs if necessary (Should other anti- 
hypertensive agents need to be added, they can be given in much lower than usual dosage 
so that their side effects are often strikingly reduced.) 


» as replacement therapy, in patients now treated with other drugs 
(In patients treated with rauwolfia or its derivatives, HYDROPRES can produce a greater anti- 
hypertensive effect. Moreover, HYDROPRES is less likely to cause side effects characteristic 


of rauwolfia, since the required dosage of reserpine is usually less when given in combination 
with HydroDIURIL than when given alone.) 


HYDROPRES-? 5 HYDROPRES-50 


25 mg. HydroDIURIL, 0.125 mg. reserpine. 50 mg. HydroDIURIL, 0.125 mg. reserpine. 
One tablet one to four times a day. One tablet one or two times a day. 


if the patient is receiving ganglion biocking drugs or hydralazine, 
their dosage must be cut in half when HYDROPRES is added. 


For additional information, write Professional Services, Merck Sharp & Dohme, West Point, Pa. 
mOo) MERCK SHARP & DOHME, DiviSION OF MERCK & CO., INc., PHILADELPHIA 1, PA. 


@HYOROPRES AND HYORODIURIL ARE TRADEMARKS OF MERCK & CO., ING 
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protection 


against premature aging... 


mineral-vitamin-hormone supplement 


KAPSEALS” 


ELDEC Kapseals help offset the disorders 
of advancing age for the patient now in his 
middle years. Supplying numerous valu- 
able dietary and metabolic factors, ELDEC 
Kapseals provide the patient with compre- 
hensive physiologic supplementation to 
meet the threat of nutritional and hor- 
monal deficiencies...aid him in meeting 
the problem of declining health during 
the years ahead. With ELDEC Kapseals, 
the patient can plan ahead for tomorrow 
with a greater assurance of good health 


and well-being. 


PARKE-DAVIS 


PARKE, DAVIS & COMPANY 
Detroit 32, Michigan 


A wise investment 


in professional knowledge 


The American Journal of 
Surgery specializes in present- 
ing streamlined straight-to- 
the-point clinical facts that 
aid in the quick evaluation of 
new operative technics, new 
surgical equipment and 


supplies. 


The Journal, now in its 69th 
year of publication, is written 
and edited by doctors who 


respect your reading time. 


Write for Your Free Sample 


Copy Now. 


THE AMERICAN JOURNAL 
OF SURGERY 


11 EAST 36th STREET 
NEW YORK 16, NEW YORK 
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Doctor, do you feel that your col- 
leagues are missing important new 
medical findings by not reading The 
American Journal of Medicine? 


Let us send them a complimentary 
copy—-of course, there is no obligation 
to you or your colleagues. Just fill out 
the coupon and mail it to us. 


Dr. 
Address 


Dr. 
Address 


Dr. 
Address 


Your Name___. 


Address 


M-10-60 


The American Journal 


of Medicine 


11 East 36th Street 
New York 16, New York 


help make 
the years of maturity 
years of health... 


comprehensive physiologic supplement 


KAPSEALS° 


Physiologic Prophylaxis 
- 10 important vitamins plus minerals to help 
maintain cellular function and to correct 
deficiencies 
protein improvement factors to help com- 
pensate for poor food selection 
«digestive enzymes to aid in offsetting 
decreased natural production 
steroids to stimulate metabolism and prevent 


or help correct protein deficiency states 
Packaging: ELDEC Kapseals are available in bottles of 100. 


| PARKE-DAVIS | 


PARKE, DAVIS & COMPANY 
Detroit 32, Michigan 
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Squibb Standardized Whole Root Rauwolfia Serpentina { Raudixin) 


| 
and Benzydroflumethiazide (*Naturetin) with Potassium Chloride 


Rautrax-N lowers high blood pressure gently, gradu- 
ally... protects against sharp fluctuations in the normal 
pressure swing. Rautrax-N combines Raudixin, the cor- 
nerstone of antihypertensive therapy, with Naturetin, 
the new, safer diuretic-antihypertensive agent. The 
complementary action of the components permits a 
lower dose of each thus reducing the incidence of side 
effects. The result: Maximum effectiveness, minimal 
dosage, enhanced safety. Rautrax-N also contains potas- 
sium chloride—for added protection against possible 
potassium depletion during maintenance therapy. 


Supply: Rautrax-N— capsule-shaped tablets providing 50 mg. 
Raudixin, 4 mg. Naturetin, and 400 mg. potassium chloride. 
Rautrax-N Modified—capsule-shaped tab- 
lets providing 50 mg. Raudixin, 2 mg. 
Naturetin, and 400 mg. potassium chlo- 
ride. For complete information consult 
package insert or write Professional Serv- 
ice Dept., Squibb, 745 Fifth Avenue, 
New York 22, N. Y. 


ravoixin, © rautrax, © ANO NATURETIN® ARE SQUIBB TRADEMARKS. 


Squibb Quality—The 
Priceless Ingredient 
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contain 


the 
bacteria-prone 


cold 


(Triacetyloleandomycin, Triaminic® and Calurin®) 


safe antibiosis 

Triacetvloleandomvcin. equivalent to oleandomvecin 125 mg. 
{ 

This is the URI antibiotic, clinically effective ayainst certain 

antibiotic-resistant organisms. 


fast decongestion 


Triaminic’, 25 mg., three active components stop running noses, 


telief starts in minutes, lasts for hours. 


well-tolerated analgesia 


Calurin®, calcium acetylsalicylate carbamide equivalent to 


a 


aspirin 300 mg. This is the freely-soluble calcium aspirin that 


minimizes local irritation, chemical erosion, gastric damage, 
High, fast blood levels. 


TAIN brings quick, symptomatic relief of the common cold 
(malaise, headache, muscular cramps, aches and pains) espe- 
cially when susceptible organisms are likely to cause secondary 
infection. Usual adult dose is 2 Inlay-Tabs, q.i.d. In bottles of 50. 
y; only. Remember, to contain the bacteria-prone cold...TAIN. 


SMITH-DORSEY « Lincoln, Nebraska 
a division of The Wander Company 
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Chlorzoxazone*. 
rapidly relieves both pain and stiffness... facilitates recovery 


PARAFLEX provides cllective skeletal muscle relaxation for 6 hours witha to 2-tablet 


dose. It relieves painful muscle spasm and improves function in a wide variety of 
traumatic, arthriuc, and rheumatic disorders. PARAFLEX 1s especially valuable when 
used in conjunction with physiotherapy and other rehabilitative procedures. Side 
effects are rare, almost never require discontinuance of therapy. | 
Dosage; to 2 tablets three or four times a day. 
CHILDREN —15 to 2 tablets three or four times a day, depending on age and weight. 
Supplied: Tablets, scored, orange, bottles of 50. Fach tablet contains PARAFLEX, 250 mg. 
*U LS. Patent No. 2.895.877 


LABORATORIES, ING PHILADELPHIA 32, PA. 
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INJECTION 


When t 


DEXAMETHASONE 21-PHOSPHATE 


ll often increase blood pressure 


of patients in SHOCK without 


evidence of blood I|Ioss... 
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APPROACH 


APPROACH 


ready for immediate use— DOSAGE 


needs no reconstitution 


dramatic response in minutes 
I.M. or 1.V.—injection can be 
as rapid as desired 


mg. for mg. the most active 
steroid in true solution 


flows readily even through 
a small-bore needle 


needs no refrigeration— 
excellent stability 


Injection DECADRON Phosphate is the direct approach in allergic emergen- 
cies, acute asthma, overwhelming infections (with antibiotic coverage), trans- 
fusion reactions, acute traumatic injuries. Injection DECADRON Phosphate 
can also be used in acute dermatoses, Addison's disease, adrenal surgery, 
panhypopituitarism, temporary adrenal suppression, rheumatoid arthritis, 
soft tissue injection. Note: Do not inject into intervertebral joints. Caution: ae ial 
Steroids should not be given in the presence of tuberculosis, chronic nephritis, ~~ ADR 
acute psychosis, pepiuic ulcer, or ocular herpes simplex. Mer 


OIL 


AND AUMIAISTRATIE 


Qo. MERCK SHARP & DOHME - Division of Merck & Co., INC. + West Point, Pa. 
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Blood pressure that goes up with stress 
often comes down with SERPASIL 


One reason that many cases of hypertension 
respond to Serpasil is that many cases are as- 
sociated with stress. Stress situations produce 
stimuli which pass through the sympathetic 
nerves, constricting blood vessels, and increas- 
ing heart rate. Hyperactivity of the sympathetic 
nervous system may elevate blood pressure; if 
prolonged, this may produce frank hyperten- 
sion. By blocking the flow of excessive stimul! 
to the sympathetic nervous system, Serpasil 
guards against stress-induced vasoconstriction, 
brings blood pressure down slowly and gently. 


*Coan, J. P., McAlpine, J. C., and Boone, J. A.: J. South Carolina M. A, 51:417 (Dec.) 1955. Jeesous 


Complete information availabie on request. 


(reserpine CiBA) 
in mild to moderate hypertension, Serpasil is 
basic therapy, effective alone ‘‘...in about 70 
per cent of cases...’’* 
In severe hypertension, Serpasil is valuable as 
a primer. By adjusting the patient to the physio- 
logic setting of lower pressure, it smooths the 
way for more potent antihypertensives. 
In all grades of hypertension, Serpasil may be 
used as a background agent. By permitting 
lower dosage of more potent antihypertensives, 
Serpasil minimizes the incidence and severity 


of their side effects. CIB A 


SUMMIT. N J. 
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a proven drug— 
supported by extensive clinical ex- 
perience during the last ten years 


a selective physiologic 
action — 

unlike most nitrites, dilates coro- 
nary vessels principally, with mini- 
mal peripheral effects. so that 
coronary blood flow is increased 
with no significant change in blood 
pressure or pulse rate 


excceptionally safe — 

safe for prolonged use—essentially 
free from side effects—tolerance has 
not been reported—no hypotension, 
orthostatic or otherwise. has oc- 
curred —so safe, it is used routinely 
even ajter a coronary 


a effective in mildest to 
severest angina pectoris — 
4 out of 5 patients experience re- 
duced frequency and severity of 
anginal attacks, increased exercise 
tolerance, lowered nitroglycerin de- 


pendence, improved ECG findings 


idealin postcoronary 
convalescence — 

helps establish and sustain collat- 
eral circulation to reduce the extent 
of myocardial damage, to encour- 
age natural healing and repair. to 
minimize ensuing anginal attacks 


adaptable prophylaxis — 
available in several formulations to 
meet the individual requirements 
of patients with coronary artery 
disease: Peritrate 20 mg. for basic 
prophylaxis, Peritrate with Pheno- 
barbital for the apprehensive pa- 
tient. Peritrate Sustained Action for 
convenient 24-hour protection with 
just 2 tablets dailv. 


WARNER 


CHILCOTT 


MORRIS PLAINS, N.J. 
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for every phase cough... 


comprehensive relief 


AMBENY 


AMBENYL EXPECTORANT quickly comforts the 
coughing patient because it is formulated to 
relieve all phases of cough due to upper 
respiratory infections or allergies. Combining 
Ambodryl*—potent antihistaminic; Benadryl*— 
the time-tested antihistaminic-antispasmodic; 
and three well-recognized antitussive agents, 
AMBENYL EXPECTORANT: 

- soothes irritation » quiets the cough reflex 
- decongests nasal mucosa « facilitates expec- 
toration - decreases bronchial spasm - and 
tastes good, too. 


Each fluidounce of AMBENYL EXPECTORANT * contains: 


Ambodryl® hydrochloride ............ 24 meg. 
(bromodiphenhydramine hydrochloride, Parke-Davis) 
Benadryl® hydrochloride ............. 56 mg. 
(diphenhydramine hydrochloride, Parke-Davis) 
Dihydrocodeinone bitartrate ........... Ve gr. 
Potassium guaiacolsulfonate ........... 8 gr. 


Supplied: Bottles of 16 ounces and 1 galion. 


Dosage: Every three or four hours—adults, 1 to 2 tea- 
spoonfuls; children Y2 to 1 teaspoonful. 27160 


@ Exempt narcotic 


PARKE, DAVIS & COMPANY 


PARKE -DAVIS 
Detroit 32, Michigan nck 
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rheumatoid arthritis.. 


still unsurpassed 
for total 
corticosteroid 
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well-tolerated control 


Trhamemolone LEDERLE 


A Promise Fulfilled 


All corticosteroids provide symptomatic control in rheumatoid Precautions: With Aristocort all 
precautions traditional to corticoster- 
oid therapy should be observed. 
differ in the frequency and severity of side effects. Introduced in Dosage should always be carefully 


adjusted to the smallest amount 
1958, Aristocort Triamcinolone bore the promise of high efficacy 
and relative safety. 


arthritis, bronchial asthma and inflammatory dermatoses. They 


Supplied: 
Physicians today recognize that the promise hes been fulfilled . . . as 1 mg. scored tablets (yellow) 
2 mg. scored tablets ( pink) 
evidenced by the high rate of refilled AR1istocorT prescriptions. 
List of References 1-18 supplied on request. 16 mg. scored tablets (white) 


LEDERLE LABORATORIES, A Division of AMERICAN CYANAMID COMPANY, Pearl River, N. Y. 
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The physician listens to a tense, nervous 
patient discuss her emotional problems. To 
help her, he prescribes Meprospan (400 mg.), 
the only continuous-release form of mepro- 
bamate. 


She stays calm while on Meprospan, even 
under the pressure of busy, crowded super- 
market shopping. And she is not likely to 
experience any autonomic side reactions, 
sleepiness or other discomfort. 


Relaxed, alert, attentive... she is able to 
listen carefully to P.T.A. proposals. For 
Meprospan does not affect either her mental 
or her physical efficiency. 


The patient takes one Meprospan-400 capsule . 
at breakfast. She has been suffering from 
recurring states of anxiety which have no 
organic etiology. 


She takes another capsule of Meprospan-400 
with her evening meal. She has enjoyed sus- 
tained tranquilization all day—and has had no 
between-dose letdowns. Now she can enjoy sus- 
tained tranquilization all through the night. 


Peacefully asleep...she rests, undisturbed by 
nervousness or tension. (Meprospan samples 
and literature available from Wallace Labo- 
ratories, Cranbury, N. J.) 
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Effective against more than 30 


of the commonly encountered 
pathogens, including staph 


and strep, Panalba KM assures 


you of prompt control in 
potentially-serious pediatric 
infections. Panalba KM makes 
a pleasant-tasting, readily 
accepted suspension. 


When sufficient water is 
added to fill the bottle to 

a total volume of 40 cc. (or 
60 cc.) and the contents 
Shaken, each 5 cc. 

(one teaspoonful) contains: 


Panmycin (tetracycline) equivalent to 
tetracycline hydrochioride...... 125 mg. 


Albamycin (as novobiocin calcium) 62.5 mg. 
Potassium Metaphosphate ....... 100 mg. 


Supplied: In 40 cc. and 60 cc. 
bottles. 


*TRADEMARK, REG. U. S. PAT. OFF. 


THE UPJOHN COMPANY, KALAMAZOO, MICHIGAN 


in potentially- 


serious pediatric 


infections, 
make 


K Vi 


PANMYCIN® PLUS ALBAMYCIN®™ 
WITH POTASSIUM METAPHOSPHATE (KM) 


your broad-spectrum 
antibiotic 
of first resort 
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IN ANGINA PECTORIS AND : 
CORONARY INSUFFICIENCY 7 
... the treatment must go further 
than vasodilation alone. It should also 
control the patient’s ever-present 
anxiety about his condition, since 
anxiety itself may bring on 
further attacks. i 


AFTER MYOCARDIAL INFARCTION 


...it is frequently not enough to 

boost blood flow through arterial 
offshoots and establish new circulation. 
The disabling fear and anxiety that 
invariably accompany the condition 
must be reduced, or the patient 

may become a chronic invalid. 


Protects your coronary patient 


better than vasodilation alone 


Unless the coronary patient's ever-present anxiety 


about his condition can be controlled, it can easily induce 


an anginal attack or, in cases of myocardial 
infarction, considerably delay recovery. 


This is why Miltrate gives better protection for the heart 
than vasodilation alone in coronary insufficiency, angina 
pectoris and postmyocardial infarction. Miltrate contains 
not only PETN (pentaerythritol tetranitrate), acknowledged as 
basic therapy for long-acting vasodilation. What is 

more important — Miltrate provides Miltown, a tranquilizer 
of proven effectiveness in relieving anxieties, fear and 
day-to-day tension in over 600 clinical studies. 


Thus, your patient’s cardiac reserve is protected against his fear 
and concern about his condition...and his operative arteries 
are dilated to enhance myocardial blood supply. 


Miltown® {meprobamate} + PETN 


WALLACE LABORATORIES / Cranbury, N. J, 


Supplied: Bottles of 50 tablets. 
Fach tablet contains 200 mg. 
Miltown and 10 mg. penta- 
erythritol tetranitrate. 
Dosage: ! or 2 tablets q.id. 
before meals and at bedtime, 
according to individual require- 
ments. 


REFERENCES 

1. Ellis, L. B. et al.: Circulation 
17:945, May 1958. 2. Friedlander, 
H. S.: Am. J. Cardiol. 1:395, 
Mar. 1958.3. Riseman, J]. E.F.: New 
England J. Med. 26/:1017, Nov. 
12, 1959. 4. Russek, H. 1. et al.: 
Circulation 12:169, Aug. 1955. 
5. Russek, H. I.: Am. J. Cardiol. 
3:547, April 1959. 6. Tortora, 
A. R.: Delaware M. J. 30:298, 
Oct. 1958. 7. Waldman, S. and 
Pelner, L.: Am. Pract. & Digest 
Treat. 8:1075, July 1957. 
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Available with either of the two 
outstanding bronchodilators 


Medihaler-EPI® 


Epinephrine bitartrate, 7.0 mg. per cc., suspended in inert, nontoxic 
aerosol vehicle. Contains no alcohol. Each automatically measured 


dose contains 0.15 mg. epinephrine. 


Medihaler-ISO® 


Isoproterenol sulfate, 2.0 mg. per cc., suspended in inert, nontoxic 
aerosol vehicle. Contains no alcohol. Each automatically measured 


dose contains 0.075 mg. isoproterenol. 


Optimal effect from Minimal Dosage 


Egerosol administration 


Northridge, Coelifornia 
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AS IN THIS CASE:’' 
Fundus of 62-year-old 
female who has had 
severe hypertension for 
many years. Photo shows ef- 
fect of pressure at a-v crossings 
and various types of hemorrhage. 
= When you see eyeground changes like 

this —with such hypertensive symptoms as 
dizziness and headache—your patient is a can- 
didate for Serpasil-Apresoline. With this com- 
bination the antihypertensive action of Serpasil 
complements that of Apresoline to bring blood 
pressure down to near-normal levels in many 
cases. Side effects can be reduced to a mini- 
mum, since Apresoline is effective in lower 


When 
blood 
ressure 


dosage when given 
with Serpasil. 
ws ‘‘Hydralazine [Apres- 
oline] in daily doses of 
300 mg. or less, when com. 
bined with reserpine, produced 
a significant hypotensive effect in 
a large majority of our patients with fixed 
hypertension of over three years’ duration.’’2 


Complete information sent on request. 


supp.LieD: Tablets (standard-strength), each containing 
0.2 mg. Serpasil and 50 mg. Apresoline hydrochloride. 
Tablets =1 (half-strength), each containing 0.1 mg. Ser 
pasil and 25 mg. Apresoline tiydrochloride. me 


1. Bedell, A. J.: Clin. Symposia 9:135 (Sept.-Oct.) 1957 
2. Lee, R. E., Seligman, A. M., Goebel, D., Fulton, L. A., 
and Clark, M. A.: Ann. Int. Med. 44:456 (March) 1956 


esoline 


hydrochloride 


(reserpine and hydralazine hydrochloride cisa) 


Rx New SER-AP-ES © to simplify therapy of compiicated hypertension 

SER-AP-ES Tablets, each containing 0.1 mg. Serpasil, 25 mg. Apresoline hydrochioride, 

15 mg. Esidrix / SERPASIL® (reserpine cipa) / APRESOLINE® hydrochloride (hydralazine 
hydrochloride cipa) / ESIDRIX® (hydrochiorothiazide CiBa) 
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improve coronary 
blood flow with 
no significant 
ichange in blood 
pressure or 
pulse rate 


in angina pectoris, > 
Peritrate reduces fre- 
quency and severity of 
anginal attacks in 4 out 
of 5 patients, reduces ni- 
troglycerin dependence. 


q in postcoronary man- 
agement, helps establish 
and sustain collateral ecir- 

culation safely, to sup- 
port natural healing and 
repair, and minimize any 

ensuing anginal attacks. 
Gradual prolonged ac- 
. . tion virtually eliminates 
basic ™ nitrate headaches. 


ge’ Deritrate 


brand of pentaerythritol tetranitrate 


NEW form available: 
Peritrate with Phenobarbital Sustained Action 


1 tablet on arising and 1 tablet 12 hours later. 


MORRIS PLAINS, N.J, 
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